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IN presenting this work on Indian Forest Zoology to the public 1 

* would invite attention to the fact that it has been primarily drawn 

up as a Manual for the use of the students at the Imperial Forest 
College at Dehra Dun, India. 

It is claimed for the work however that, in the absence of any tex 

books of the kind entirely devoted to Indian Zoology, it will h^.ve a 

wider field and be to some extent useful in Agricultural and other 
colleges throughout the country. 

The author is also in hopes that it will be found suitable as a text 

book, or supplementary text book, for use by the Indian Forest Proba-* 
tioners at the University of Oxford. 

The arrangement of the work has" been the outcome of careful 
thought, and whilst it may meet with valid and welcome criticism it 
should be borne in mind that the prime idea underlying the book was 
the necessity of keeping it purely Indian so far as was practicable 
This has been found wholly possible in dealing with the most impor¬ 
tant portion, the Insecta. It is not too much to say that seven 
years ago it would have been quite impossible to write this part, about 
three-fifths of the whole book, as at present framed. That it has 
become feasible has been solely due to the enlighted action of the 
Go ..rnment of India in creating in January 1901 the temporary 
appointment of Forest Entomologist; which post has now, owin<x to 
the indefatigable exertions of the Inspector General of Forests, 
Mr. Eardley-Wilmot, in bringing into being the Imperial Forest 
Research Institute, become merged into the permanent appointment of 
Imperial Forest Zoologist. With the creation of this post Lnsiderable 

process has been made in the knowledge of the insect pests of our 
Indian Forests. 


keep the book within conveiiient dimensions it has been 
found desirable to print in small type descriptions of the life histories 
of the various animals given as examples of particular families. It 
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should be remembered however, that these portions are by no means 

the least important sections of the work. 

My thanks arc due to Lieutenant-Colonel A. Alcock, C.LE., 

F.R S.,late Superintendent, Indian Museum, who, a few years ago, 
aided me in la^•ing down roughly the scope of the Manual; from which 

basis experience has pointed out but slight deviations. 

To Mr \ E. Shipley, F.R.S., Professor of Zoology, Cambridge 

University, and Mr. E. R. D. Sewell, M.A., of St. Bartholomew’s 

College Cambridge, inv thanks are due for their kind aid in reading . 

over the proofs of the Introduction and Chapter I: also to the late 
lamented Dr. W. F. Blanford, F.R.S., C.I.E., for reading through tne 
proofs of the portion of the work devoted to the Vertebrata and 

for giving me much kindly advice. 

In the preparation of the Manual the following works of reference 

have been consultedProfessor H. A. Nicholson’s Introtinctory Text 
Book of Zoology and Text Book of Zoology; Professor T. Jeffey 
Parker’s Lessons in Elementary Biology ; Professor T. H. Huxley’s 
Lessons in Elementary Physiology / Mr. J. E. V. Text ^ookjf 

Zoology ; Dr. Ritzema Bos' Agricultural Zoology: The Cambrtage 

Natural History Series, especially Dr. Sharp s ^ ® 

fnsectaj The Volumes of the Pauna of British India Serms a 
finally the Journals of the Asiatic Society of Bengal and the 

Bombay Natural History Society. iihiistrat- 

On the subject of the illustrations a word should be said. Illustrat 

ing works of this nature in India is always a difficulty, and the question 
rlpw^tive to keep the cost of the work within the purchasing power of 

thLi who will have to use it. My thanks are due to Major E. H. de 
V Atkinson, R.E., Principal, Rurki Engineering College, and h 
assistants for the manner in which they have coped with a difficult 

‘“with regard to the illustrations themselves; a few are copied from 
the text books detailed above, and I wish here to suitably acknowledge 

few others I have to acknowledge my indebtedness to 
Museum Notes and to the publications of the Agricultural Entoino 

gist to the Government of India. 
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The illustrations of the portions of the work devoted (o the J meet a 
are mostly original. For those in the section devoted to the Verte> 
brata I am indebted to the Secretary of State for India in Council who 
kindly granted me the use of the process blocks of portions of the 
■Fauna of British India, 

E, P. STEBBING. 

Dehra Dun, tgoj. 
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INTRODUCTION. 


THE THREE KINGDOMS OF NATURE. 

/. Definition of Biology uttd Zoology, 

natural objects may be roughly divided into three groups con¬ 
stituting the so-called Mineral, Animal, and Vegetable Kin?- 

doms. ^ 

i-f comprised in the Mineral Kingdom are all devoid of 

life and have the following charactersThey have a simple chemical 

native gold) or, if combined, the compounds are 
s mple, consisting of two or more elements (ex. common salt, lime- 

®‘c.); they are homogeneous, ue„ the particles of which 
they consist have no definite relations to one another; their form is 

(‘amorphous’) or, if definite, they are 

Kiwi:; ,"src j;.*™ tz 

SE ■SS.'S"’" ^ ^“-5 

All bodies having the above characteristics belong to the Mineral 

It may be mentioned that “ fossils ” or petrifactions are mineral 

odies which owe their existence and shape to living beings which 

«:/i j composed of mineral matter, cannot be con. 

sider^ as properly belonging to the Mineral Kingdom. 

Klnirdr'”^ classify objects belonging to the Mineral 

latte^ kiWdlm differences between the 

two utto WnLT’''*'<’”**"8 to those 

r kingdoms possess what is called ‘ life,* Thev ar#» 

composed of few chemical elements, carbon, hydrogen, oxygen and 

«,ong« o,h.«. „d lh,« elemenh, 
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complex organic compounds, which always contain a large propor¬ 
tion of water, are very unstable, and undergo decomposition easily; 
they are heterogeneous, />., the parts of which they consist have 
usually more or less definite relations to one another, these parts being 
called ‘organs’ and the objects possessing them are said to be 
‘ organised,’ their form is always more or less definite with concave 
or convex surfaces, and bounded by curved lines; when they increase 
in size or " grow ” as we call it, they do so by taking in foreign 
matter into their interior and assimilating it there ; lastly, they always 
pass through certain periodic changes in a definite and discoverable 
manner—these changes constituting the life-history or life-cycle. 

All objects, then, which fulfil these conditions, are said to be alive, 
and they all belong to either the Animal or Vegetable Kingdom. The 
study of all living objects, whether animal or vegetable, is called by the 
general name of Biology (Gr. bios, life; logos, discourse). As, how¬ 
ever, all living objects belong to one of the two kingdoms, Animal or 
Vegetable, so Biology is divided into the two sciences of BoTAN^i 
treating of Plants, and ZOOLOGY (Gr. goon, animal; logos, discourse) 

which treats of Animals. 

a. Difference between Animals and Plants. 

It now becomes necessary to consider the differences which exist 
between Animals and Plants and which enables us to split them up 
into the two sciences of Zoology and Botany. Originally it was 
believed that nothing could be easier than to determine the anima or 
vegetable nature of an organism. This is essentially true when we 
are considering the higher members of the two kingdoms. The higher 
animals are readily separated from the higher plants by the pos^ssion 
01 a distinct nervous system, in being able to move about from place to 
place and in possessing an internal cavity fitted for the reception and 
digestion of solid food. The higher plants, on the other hand, possess 
no nervous system or organs of sense, are incapable of voluntar)* 
changes of place, and are not provided with any definite internal ca\ it> , 

their food being wholly fluid or gaseous. * j • 

The lower animals {Prototoa), however, cannot be separated in 

many cases from the lower plants {Protophyta) by these 
since many of the former have no digestive cavity, and are es 
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of a differentiated nervous system, and many of the latter possess the 
power of active locomotion. 

One of the most reliable of all the tests by w’hich an animal may 
be separated from a plant is to be found in the nature of the food and 
the products which are formed out of the food within the body. 

The differences between animals and plants in this respect may be 
stated as follows ■ 

1. Plants live upon purely inorganic substances, such as water, 
carbonic acid, and ammonia, and they have the power of making out 
of these true organic substances, such as starch, cellulose, sugar, etc. 
Plants, therefore, take as food very simple bodies and manufacture 
them into much more complex substances, so that plants are the great 
producers or manufacturers in nature. 

2 . All plants, which contain green colouring matter (chlorophyll), in 
the process of digestion break up carbonic acid into the two elements 
of which it is composed, namely, carbon and oxygen, keeping the 
carbon and setting free the oxygen. As carbonic acid always occurs 
in the atmosphere in small quantities, the result of this is that plants 
reniove carbonic acid from the atmosphere and give out oxygen. 

3. Aliimals, on the other hand, have no power of living on inorganic 
matters, such as water, carbonic acid, and ammonia. On the contrary 
animals require to be supplied with ready-made organic compounds 
if their existence is to be maintained. These they can only get in the 
first place from plants and therefore animals are all dependent upon 
plants for food, either directly or indirectly. Animals, therefore, differ 
from plants in requiring as food complex organic bodies which they 
ultimately reduce to very much simpler inorganic bodies. Whilst 
plants, then, are the great manufacturers in nature, animals are the 
great consumers. Another distinction arising from the nature of their 
food is, that whilst green plants in sunlight decompose carbonic acid, 
keeping the carbon and setting free the oxygen, animals absorb 
oxygen and give out carbonic acid, so that their action in the atmos¬ 
phere is the reverse of plants. It has already been stated that amongst 
the lower organisms on both sides we have exceptions. 

We may summarise the above by saying that plant protoplasm 
can be manufactured direct from the Mineral Kingdotiu Animal 
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nrotoplasm can only be manufactured from plants directly as in the 
case of herbivorous animals, indirectly as in the case of carnivorous 

animals. 


STUDY OF THE STRUCTURE AND VITAL PHENOMENA 

OF ANIMALS. 


Before proceeding to a consideration of the general division of 
the Animal Kingdom, we will examine the structure of the highest 
forms of animal life (mammalia) and make a rough study of the human 
body and the bodies of mammals, examining the form of the body, its 
covering, skeleton, digestive, respiratory, circulatory, excretory, and 
nervous systems, sense organs, muscles and flesh, and reproductive 


system. 


/, Form of the Body. 


In tlie Mammalia the body can be obviously divided into three 
regions. Head and Neck, Trunk and Tail, Limbs, In the head the 
brain-case or cranium is distinguishable from the FACE. The trunk is 
naturally divided into the chest or thorax and the belly or abdomen. 
Of the limbs there are two pairs, the upper, or arms, and the lower, 

or and legs and arms are again sub-divided by their joints into 

parts which obviously exhibit a rough correspondence —and 
upper arm, leg and forearm, ankle and vtrist, fingers and toes plainly 
answering to one another. And the two last in fact are so similar 
that they receive the name of DIGITS while the several joints of the 
fingers and toes are called PHALANGES {see figs, i and 2). 

The whole body thus composed (without the organs which fill the 
cavities of the trunk) is seen to be bilaterally.symmetrical; that Is to 
say, if it were split lengthways by a great knife, made to pass along 
the middle line of both the dorsal and ventral (or back and front) 
aspects, the two halves would almost exactly resemble one another as 
an object resembles its reflexion in a mirror. 

The interior of the trunk is mainly occupied by a large chamber 
which is subdivided into the two subordinate cavities of the thorax and 
abdomen by a remarkable partly-muscular and partly-membranous 
partition, called the midriff or diaphragm. The alimentary canal 
(digestive system) traverses these cavities from end to end (fig. i). 
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piercing the disphrsgin) 3.s do slso the niEin blood»vessels of the tronlc 
and hind limb and the gangliated cords of the sympathetic nervous 

system. 

The abdomen contains in addition to these parts the two KIDNEYS, 
one placed near each side of the vertebral column and connected 
each by a tube, the URETER, to % muscular bag, the BLADDER, lying at 
the posterior end of the abdomen ? the LIVER, the PANCREAS, and 
the SPLEEN. The thorax incloses, besides its segment of the alimentary 
canal, the HEART and the two lungs. The latter are placed one on 
each side of the heart which lies nearly in the middle of the thorax. 
The two cavities are bounded behind by the back bone (vertebral 
column) which is made up of many vertebrae. The latter surrounds 
the dorsal cavity, called the vertebral or spinal canal. 

The uppermost vertebra supports anteriorly a continuous mass of 
bone, which extends throughout the whole length of the skull and 
separates the Cranial front the Facial part. The Cranial Cavity 
becomes continuous through a large aperture—the foramen magnum— 
with the vertebral canal. The former encloses the Brain, the latter the 
spinal cord; these two parts, being continuous with one another 
through the foramen magnum, constitute the cerebro-spinal or central 
nervous system. The Facial part of the skull, with which we include 
the lower jaw or mandible, surrounds the anterior portion of the 
alimentary canal—the mouth—and serves to carry the teeth. The 
bones of this part of the skull are so arranged that they enclose a 
number of chambers or cavities which lodge and protect the organs of 
sight (the orbits), 2(10), and smell (the nasal cavities), 2(4). 

The limbs, which are used for locomotion, contain no such cham 
beis as are found in the body and the head; with the exception of 
some branching tubes, called blood-vessels which of course occur all 
over the body, they are solid or semi<*soIid throughout, 

2. Covering of the Body. 

The outer covering of members of the Animal Kingdom varies. 
In the invertebrate group of the Arthropoda the body covering con¬ 
sists of a hardened substance called CHITIN. Insects have their outer 
surfaces coveted with this material. In the Mollusca, on the other 
hand, the outer covering is a shell as seen in a snail. Amongst 
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vertebrats animals, some reptiles and fish have scales, whilst the frog 
has usually a soft naked skin. In birds, again, the body is covered 
with FEATHERS, these being replaced in mammals by hair. 

The skin or intf.gumENT which underlies this covering, consists of 
two layers: a superficial which is, in mammals, constantly being shed 
in the form of powder, scales, etc., known as the EPIDERMIS; and a 
deep, the DERMIS consisting of connective tissue plentifully supplied 
with blood-vessels. Both Epidermis and Dermis are well-supplied 
with nerves, but it is only when the Dermis is injured that we get 
bleeding. Some distance within the margin of the apertures of the 
body, the skin becomes continuous with the mucous membrane, lining 
the various viscera such as the alimentary canal. This membrane 
presents a superficial resemblance to the* skin, being also composed of 
two layers —a supporting layer of vascular connective tissue and a 
layer of epithelial cells next the lumen. Devclopmentally, however, it 
is quite distinct from it. 

j. Connective Tissue, ^^uscles (Flesh). 

The dermis and the deep fibrous layer containing blood-vessels 
which answers to it in the mucous membranes are chiefly made up of 
a delicate, elastic, fibrous network. This is called connective TISSUE 

I ■ 

because it is the great connecting medium by which the different 
parts of the body are held together. Thus it passes from the dermis 
between all the other organs ensheathing the muscles, coating the 
bones and cartilages, and eventually reaching and entering into 
the mucous membranes. Connective tissue varies very mnch in 
character: in some places being very soft and tender, at others—as 
in the tendons and ligaments which are almost wholly composed of 
it—attaining great strength and dersity. 

The bones are usually surrounded by Plesh. This consists of a 
number of muscles, which are separated off from one another by septa 
of connective tissue. Each muscle is composed of a numb« of mosclo 
fibres, all arranged so that they lie in the direction of the line of nctioo 
of the muscle. Each of the fibres possesses the power of ^tnclioa 
and thus tend to approximate their two extremities, becossiag shorter 
and thicker. The contraction of the mnscles determines the varioss 

movements of the different parts of the body. 
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Some muscles are fixed by their ends to various parts of the body 
which they move by their contraction. If the upper arm of a man be 
stretched out and tightly grasped as the forearm is bent up, a great 
soft mass which lies at the forepart of the upper arm will be felt to 
swell, harden, and become prominent. As the arm is again extended 
the swelling and liardness vanish (<r/. fig. 4). On removing the skin 
the body which thus changes its configuration is found to be a mass of 
red FLESH sheathed in connective tissue. The sheath is continued at 
each end into a tendon, by which the muscle is attached, on the one 
hand, to the shoulder-bone, and, on the other, to one of the bones of 
the forearm. This mass of flesh is the MUSCLE, called biceps. It is 
by reason of the property of contraction that muscular tissue becomes 
the great motor agent of the body; the muscles being so disposed 
between the systems of levers (bones) which support the body that 
their contraction necessitates the motion of one lever upon another. 

There are other muscles which surround a cavity, and by their 
contraction propel the liquid or solid substances found in their cavity. 
The heart, for example, is a large muscle of this kind, serving to 
propel the blood, while the hollow muscular coat of the gut moves on 
the contained food. 

4. The Skeleton. 

The system of hard tissues when present in an animal is called 
the SKELETON. The less hard of these are the CARTILAGES, composed 
of a dense firm substance known as “gristle.*' The harder are the 
BONES which are masses of tissue hardened by being impregnated with 
phosphate and carbonate of lime. Such an internal skeleton is pre¬ 
sent in man, the leopard (jsee figs. 2, 3), etc. In other cases it may 
be external as, e.g.^ the lobster (Hg. 30), snail (23.), etc. 

The axis of the vertebral skeleton is formed by the VERTEBRAL 
COLUMN (spine) which is composed of flat bones, the VERTEBRAS. 
A vertebra usually consists of (1) the body, which occupies the front; 
(2) the neural Arch, which possesses several projections or processes 
(neural spine, transverse processes, articular processes) and encloses 
the vertebral canal (fig. i, Vc). Mammals, with a few exceptions, 
have seven neck or cervical vertebrae (fig. 2, i); while the 
number of the remaining vertebrae varies according to the genus. The 
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cervical vertebrae, which support the head, are followed by the dorsal 
or THORACIC VERTEBRiE (i2 in man, 13 in the leopardi fig. 2(2)1 3, R) 
and these by the strong loin or LUMBAR VERTEBRA (5 in man, 7 
the leopard, rig. 2(3), 3, L). The latter are, in their turn, followed by 
the SACRAL vertebrae, which serve to support the hip—or pelvic—girdle 
and of which there are usually two, and these again by a varying 
number of tail or CAUDAL vertebrae. The Cervical, Dorsal and lumbar 
vertebrae are more or less movable on one another. In man there are 
5 sacral vertebrae, united firmly to form a single bone, the Sacrum, and 
only 4 or 5 caudal, which are all poorly developed and are often fused 
together (5) and may even be fused with the sacrum, but in many 
animals there are a large number movably united to make up a tail. 
This is shown in the tail of the leopard (fig. 3, Su). 

The ribs which in mammals bound the chest are jointed to the 
thoracic vertebrae. Man has 12 pairs of ribs, the leopard 13; each 
rib consists of a bony part behind and a gristly part in front. The 
so-called true ribs (the upper pairs) (fig. 2,14) are movably united with 
the breast-bone or sternum (16), but this is not the case with the false 

ribs (fig. 2(15), 3, C). 

In the head we distinguish the brain-case or cranium and the 
skeleton of the FACE. The first contains the cranial cavjiy in which 
the brain is enclosed. ^Ve distinguish—2 frontal bones (fused to¬ 
gether in man (6); 2 parietal bones (7) ; 2 temporal bones (8); an 
occipital bone (9) composed of several pieces fused together, perforated 
by the foramen magnum (where brain and spinal chord unite), and 
bearing two elevations or condyles (so as to join on to the backbone) \ 
and the sphenoid and ethmoid bones which make up the base of the 
cranium. The facial skeleton consists of the framework of the jaws and 
palate, and together with some of the cranial bones, bounds the cavities 
in which the eyes are contained (orbits) and the nasal cavities. It 
consists of the maxillary bones (12), the premaxillary bones (fig. 3, 7), 
(in man the premaxilla and maxilla of each side early become united to 
form a single bone), the nasal bones, the lachrymal bones, the plough¬ 
share bone (vomer), the turbinated bones, the cheek bones (or malars) 
(11), the palate bones, and the lower jaw (13). The last originally 
consists of two symmetrical halves (fig. 3» t-io). 
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The upper and lower limbs are built on the same type, and there¬ 
fore consist of corresponding parts {jcf. figs, a and 3), The more 
similar the functions of the two pairs, the closer their resemblance. In 
the leopard or dog they are much more alike than in man ; in the bird, 
on the contrary, the similarity is much less (cf. fig. 29). The limbs are 
attached to the body by means of bony girdles known as the shoulder- 

girdle and the hip-girdle. Below the parts of the arm and legs of 
a man are placed together*— 


Atm, 

1 . Shoulder-girdle, consisting of: 

Shoulder-blade (Scapula) (fig. 2,17). 
Collar-bone (Clavicle)* 

Coracoid process (of Scapula), 
if. Upper-arm : 

Upper-arm-bone (Humerus) (18). 
in. Forearm ; 

Radius (19). 

Ulna (20 )• 

IV, Hand ; 

Two rows of wrist-bones (Carpal 
bones) (2t). 

Metacarpal bones (22). 

Finger-bones (Phalanges) (23). 


leg. 

I. Hip-girdle, consisting of: 

Hip-bone (Ilium) (24), 

Pubis. 

Rump-bone (Ischium). 

Il« Thigh : 

Thigh-bone (Femur) (25). 

UK Leg: 

Shin-bone (Tibia) (26). 

Clasp-bone (Fibula) (27), 

IV. Foot: 

Two rows of ankle-bones (Tarsal- 
bones) (28). 

Metatarsal bones (29). 

Toe-bones (Phalanges) {30). 


The difference between arm and leg are explained by their different 
uses. The bones of the leg, used to support the human body, are 
firmer and thicker, but less movable than those of the arm, which is 
employed in grasping. Consequently the union between the hip-girdle 
and the trunk-skeleton is firmer than that of the shoulder-girdle. The 
radius can rotate upon the ulna, so as to completely turn the hand 
over; a similar movement of the foot would not be of use, and cannot 
be effected. The leg has a knee-pan (patella) (fig. 2 (31), 3, with 
which there is no bone in the arm to correspond In the foot 
the tTOs are short, and the remaining parts long. In the hands 
the digits are relatively long, and since the tip of the thumb in 
man, monkeys and a few other animals can be made to touch 
the tips of the fingers, are admirably adapted for grasping. The 
number of fingers^ or toes is at most 5, but may be less. The 
orsc has a siogle digit to each limb, the ox two well-developed and 
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two remaining as rudiments ; the pig two large and two small, whde 
the dog h.^.s lour toes on the bind, and five on the fore foot; the 
leopard 5 on both. Man walks on the sole of his feet. ^ Some other 
anin^U 'dog, cat) on the toes; others, again (horse, ox, pig) on the tips 
of the toes, the whole of the tip being sheathed in a horny hoof. In 
tnany animaU the thigh and upper arm are drawn up close to the body, 
SO that the limbs appear quite different from those of man (r/. figs, a, 3 ) 

5. Digestive System. 

W. already seed that antaals “ grow " anri that «>« 
i, d peadent Od .hi obtaididg food add a.r the 

JhiUt IrL the latter they absorb the orygen gividg odt 
'’"'e’ • rid These chaoges, which the food uodergoea prepara- 

r r aS^pt oridto th! blood, are eiwried out by Digoaf- 
tory to Its aosopiiw* avutem are the Mouth 

system. 8 chewine the food. The Gullet for 

and Teeth t^jeceiv mg .3 digested. In addition 

passing the »n ° digestion is completed and the 

we have ^ Intestine where absorption is corn- 

food partly abwbe , ^hich the undigested residue is cast 

plcted and the i 4 ««r ou j »i,at the dieestive tract has these two 

op.„.„g. the m~th i. u, eeduce the fo«i 

tocb as the snakw, the teeth Y ^ 

and not for mastication; an » j ^ 

bird.'^ the jaws are not furnis action of a special fluid— 

.!«, dSddlly -biected » ^^^cbamclly ontbe food. 

,b. eeliva-wbicb «« chemicrfly « weu 

.„d which is seaeted ^ ^ec^ g . ^ 

glands." From the mouth the « digestive city, 

-the gollet or «'/*«"' Sifted to a spedal digealive guid-the 
0, atomacMs). ‘ into a thick, pasty «uid. From the 

^-!n ’.r«uuf passe, ioto a long con.olnt«l m^cnla. tube, the 
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small intestine (sm). Here it is subjected to the action of two other 
digestive fluids, called the bile " and "pancreatic juice,” as well as 
to the fluids secreted by the intestine itself. The bile is secreted by 
a large gland known as the " liver,” whilst the pancreatic juice is 
produced by another, termed the " pancreas,” both pouring their 
secretion into the upper part of the small intestine. By their 
action a milky fluid results which is fit to be taken up into their 
blood-vessels. 

The small intestine finally opens out into a tube of larger diameter, 
the large intestine (Im) which opens at its lower end on to the surface 
of the body by an anal aperture (a). In the large intestine the last 
remaining portions of the food which can be rendered useful are 
absorbed into the blood, the indigestible portions being ultimately got 
rid of as useless. 

The last portion of the large intestine is usually less convoluted 
than the rest and is called the rectum (r). 

All animals, however, have not such a complicated digestive 
apparatus. In Amceba, which consists of a simple jellydike mass of 
protoplasm {^see fig. 7 ), the animal feeds by pushing out a finger-shaped 
prolongation of the protoplasm and enclosing the particle of food, 
then withdrawing the finger, thus lodging the food particle securely 
within the substance of the body. There is no digestive tract or tube. 

In Hydra^ on the other hand, we have the simplest form of 
digestive tract in a sac or canal which communicates with the 
exterior by a single aperture only {see fig. 8). This opening thus 
serves both as an entrance or mouth and also as an exit for the un¬ 
digested portions of the food. 

6 . Respiratory System. 

The cells of an animal must have oxygen in order to live : it must 
therefore be continually taken into the body and all the cells of the 
different organs must be supplied. Further, the waste products 
resulting from the constant combustion going on in the cells must be 
got rid of: one of these waste products is carbonic acid gas. The 
absorption of oxygen and the excretion of carbonic acid gas, are always 
g<ung on synchronously in the tissues; the oxygen being withdrawn 
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from the blood and the carbonic acid gas given off to it. In order 
that the blood may be again purified and oxygenated the reverse 
process must be gone through: this is carried out by means of the 
Respiratory System. In air-breathing vertebrates, the organs com¬ 
prised in this system are the nostrils and mouth, the Lungs, and the 
windpipe, the latter being the passage along which the air is conveyed 
to and from the Lungs. The blood, as it circulates through these 

organs, takes up the oxygen of the air, of which .t forms about one- 
fifth and gives out the carbonic acid gas, which it has roug J^m 
the tissues—the two processes again taking place synchronous y. « 
air ia the Lungs is renewed at short intervals: the taking m o( pur. 
air insoiration, alternating with the giving onto! impure air, espiiation, 
rogeZ constituting R^piration. O.her-animal, however, make use^ 

gaseous interchlge takes place while the blood 1. [‘-“f 

wmber of specialised organs-the giUs-over which the water is p 

«,..t«nHv flowing. Now it is known that the waste which Iea^es 
the bodv contains more oxygen than the food which enters the body. 
Hldi^, Ih. 0.y8« being supplied b, the blood, is p»og 

on all over the body. All parts of the body are thus hemg continual y 
•j' A nr in other words, are continually burning, ioine more 

on in a peculiar manner, so as to never give ns. 
nevertheless ptoduces an amount ol heat 

5,” L it^loL heat thi is provided b, this "---““S'"' 
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Many of the lower animals (chiefly aquatic), but a few terrestrial 
earthworms), are destitute of special breathing apparatus, and respira¬ 
tion is effected by eodosmosis, which goes on all over the surface of 
the body, the oxygen being taken in and the carbonic acid gas given off 
all over the body surface. These animals are always thin-skinned. 
Most animals have, however, distinct breathing organs, assisted in 
many cases by the sRin. In the water-breathing vertebrata, such as 
fishes, the respiratory organs are in the form of gills or branchiae 
which are richly supplied with blood and absorb the oxygen from 
the water. In the case of a fish water passes into the mouth and over 
the gills and out at the gill cavity frequently. In the air-breathing 
vertebrates the breathing organs are in the form of lungs. These 
essentially consist of cellular or spongy organs placed in the cavity 
of the chest, richly furnished with blood-vessels and receiving constant 
supplies ot fresh air, taken in through the mouth and nostrils, by 

means of a tube which opens in the throat and is known as the 
“ wind-pipe " or trachea. 

A peculiar kind of respiratory organ the system of trachea, is 

present in many Arthropods and will be described in detail under the 
Insects. 


7. Ctrculatory System. 

We have already seen how food materials taken in are treated in the 
digestive apparatus, t.e., are digested. In many of the lower animals 
t e^ igested food-stuffs, after traversing the alimentary canal, make 
their way through the various tissues by a kind of endosmosis. In 
most, however, the system is more complicated. So long as the 
nutritious food-stuffs remain in the alimentary canal, even though in a 
completely suitable form, they cannot nourish the body. And since 
waste of the substance of the body everywhere takes place it is 
absolutely necess^ that the food-stuffs should pass after digestion into 
a system of vessels going to alt parts of the body. For this purpose 
there is a special system of branching vessels which conveys the 

tr I*"'®"* abLbed, 

^ arrangement of tubes is termed the 

.. hai,«Uy, in th, l«,.r CM. rcMhin* it .1,?.^ ft" 
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lymphatic (lacteal) system. In connection with this system we have 
to consider the following essentials : The Blood and Blood-Viosseht 
Heart, Arteries, Capillaries, and Veins. 

The blood is the fluid into which the food-stuffs are taken up. It 
consists usually of a clear coloarless liquid ; more rarely it is yellow 
or green. Floating in it are numerous free discs which are called 
blood corpuscles. They are usually red in colour in the vertebrata 
and account for the colour of our blood. There are also the white 
amoeboid corpuscles. The blood flows through the body in a system 
of tubes or blood’-vessels which branch repeatedly, and at last 
become merged in the microscopic capillary blood-vessel. These 
capillaries are present in nearly all parts of the body except the 
epidermis and epidermal structures (hairs, feathers, scales, etc.). 
They have exceedingly thin walls which present no resistance to the 
passage of the nutritious substances contained in the blood, so that 
these can be absorbed by those parts of the body which lie between 
the individual capillary vessels. The central organ of the circulation 
is the heartf an enlarged part of the vascular system possessing thick 
muscular walls. By the rhythmical contraction of these walls the 
blood is driven out of the heart In jets (fig. 6, H) leaving at (a) 
since there is a valve at (/i) which closes when the heart contracts. 
The vessel into which the blood leaving the heart enters is called an 
artery (A T). It divides into several bcancbes also known as arteries 
(A T* A T*) and the smallest arteries pass into the capillaries (C) 
which again are connected with the smallest veins (V* V*) which 
join longer and larger veins until finally one, V, or a few open into 

the heart. 

This is what is known as the circulation of the blood. 

Now the fluid containing the dissolved or suspended nutritive 
matters, which are the result of the process of digestion, traverses the 
very thin layer of soft and permeable tissue which separates the cavity 
of the alimentary canal from the cavities of the innumerable capillary 
vessels which lie in the walls of that canal, and so enters the blood 
with which those capillaries are filled. Whirled away by the torrent 
of the circulation, the blood thus charged with nutritive matter, enters 
the heart. In all the mammals this organ is completely divided Wy a 
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median septum, iuto two halves, a right and a left. The blood return¬ 
ing from the intestines, and from the other tissues of the body, is poured 
into the right side, and is then forced through the Lungs; completely 
oxygenated, it is now carried to the left side of the heart and is 
thence propelled into the organs of the body. To these organs it 
supplies the nutriment with wliich it is charged; from them it takes 
their waste products, and finally returns by the veins to the heart, 
loaded with useless and injurious excretions, which sooner or later 
take the form of water, carbonic acid and urea. When the blood 
streams through the lungs it gets rid of poisonous gaseous matter 
taking up oxygen, and when it traverses the kidneys and sweat glands 
it parts with the injurious liquid and solid substances. 

It must be remembered that many of the lower animals as we 
shall sec later on, have no circulating system, 

8. Excretory System^ 

We have already seen that the food compounds taken into the 
body are burnt in order to furnish the vital activity ; just in the same 
way as a steam-engine consumes its fuel in order to enable it to move. 
In the case of the steam-engine it is necessary to get rid of the ashes 
of the consumed fuel, and in like manner the body has to get rid of the 
waste products quite as promptly and essentially as nutriment is 
supplied. This is done by the excretory system, the organs of which 
are^ the Kidneys and Skin and Lungs. The waste substances, of 
which the most.important are water, carbonic acid, and urea, are got rid 
of, the carbonic acid and a good deal of water by the lungs; the urea 
and salts are excreted by two glands called the kidneys which at the 
same time pass away a large quantity of water and a trifling amount 
of carbonic acid, whilst the skin gives off much water, a little carbonic 
acid, and a certain quantity of saline matter. The secretion of the 
kidneys is sometimes got rid of by means of special canals adapted for 
this purpose alone, and there is sometimes a special bladder, the urinary 
bladdw, which serves as a reservoir for urine. In the lower animals 
there is no special canal, and the excretions are discharged into the 

lower part of the alimentary canal and are evacuated along with 
the undigested particles of food. 
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9. Nervous System and Sense Organs, 

The Digestive, Respiratory, Circulatory, Excretory, etc., Systems 
cannot act independently. They are all under control, and the controlling 

force is the Brain and Spinal Cord. All animals have not a brain, and 
the degree of the development of the nervous system varies according 
to the complexity of the animal. In Amoeba there is no nervous 
system, whilst in man w'e get the highest development attained. In 
nearly all vertebrates the central masses of the nervous system consist 
of the spinal cord contained in the canal formed by the neural arches 
of the vertebrae and of an anterior mass of nervous matter which is 
protected by the- skull and is termed the brain. The size and deve¬ 
lopment of the brain vary greatly. In the lower forms the brain is 
little more than a collection of nervous masses or “ ganglia." These 
ganglia consist of groups of “ ganglion " cells. The " nerves," which 
consist of bundles of nerve-fibres usually branching in their course, 
spring from the spinal cord and Brain and supply the various organs. 
Nerves are called motor or sensory, consisting of motor or sensory 
fibres- The brain and chord, receive impressions sent from the 
different sense organs by the sensory nerves j by the motor nerves 
they transmit impulses to the jnuscular elements and thus control their 

movements. 

Sensory organs only appear when a nervous system is present. 
They may be divided into simple and complex; to the former class 
the organs of touch, taste, and smell belong since they are of simpler 
structure than the more complex organs of hearing and sight. 

The sense of touch contrasts with the other senses in that it is 
distributed over the whole or the greater part of the surface of the 
body; the entire skin, especially the epidermis, is therefore a sense 

organ. 

Olfactory organs are acted upon by gaseous matters in a peculiar 
way: they can be ascribed with perfect certainty to only a small pro¬ 
portion of forms, vie., existing terrestrial animals. They consist 
in Invertebrata broadly of a tuft or tufts of sensory hairs ending at 
their base in a nerve fibre which passes to the front of the brain. 
Amongst insects, which lave been proved to possess a very acute 
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sense of smell, the olfactory organs are situated upon the antennae, 
Thesi; are provided with delicate sensory hairs. 

aHstatory organs are affected only by substances in a state of 
solution ; an insoluble powder is inactive. In the Vertebrate they are 
represented by the so-called taste-buds of the tongue and the walls of 
the mouth. The buds are supplied with nerve fibres. In fish, taste- 
buds may occur on the external surface of the body. 

Auditory organs usually occur in vescicles filled with fluid. The 
auditory organs of insects will be considered later. 

Optic organs, or the organs of sight, vary in the form ot develop¬ 
ment. Those of insects will be considered under the chapters on those 

arthropods. 

to. Reproductive System. 

Reproduction, the formation of new individuals, occurs in the 
Animal Kingdom in two quite different ways, sexually and asexually. 

All Metazoa exhibit sexual reproduction which consists essentially 
in the development of a single cell, after liberation from the parent^ 
into a new individual. Every ceil in the Metazoan body has not this 
property^ but only certain peculiar ones called ova. As a rulci the 
ovum (which is the female element) cannot develop by itself into a new 
individual ; it must first be fertilised, i.e., it unites with another cell, 
usually of a smaller size, and always with special properties, a sper- 
matasoon, which is the male element. The organ in which the ova 
are developed is called the ovary. In some cases, as for instance, in 
some Insects, Crustacea, etc., the ovum can produce a new individual 
without the intervention of the male (Parthenogenesis). We shall 
allude to this in the chapters on Insects. 

There ve two forms of asexual reproduction, fission and gemma* 
Horn. In fission a longitudinal or transverse furrow appears on the 
individual concerned, and gradually deepens, until finally the organ¬ 
ism divides into two approximately equal pieces, which grow whilst 
the process is going on, cat after it is complete, until each has attained 
the me of the parent. Less firequently division occurs without the 
preceding constriction, the animal breaking suddenly into two pieces. 
GetssttssttoM dUfers from fission in that only a small part of the 
body of the original iodividual develops (by rapid growth) into a new 
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animal, so that it if possible to distinguish between the parent and 
bud ; in fisfioii the two individuals are exactly alike. Various 
ir.itances cf this asexual veproduct'on are to be met with amongst low 

2nin'i3iiS, such >\s Cctleiitoraj Plaitylif^lminthSj etc. 

Often in gemmation or fission the new individual does not separate 

completely from the other, but remains in more or less intimate 

connection with it. In this case if division is repeated, the result is a 

colonv or stock consisting of a varying number of animals produced ^ y 

a sexual reproduction from one original individual. Stocks or colonics 

occur especially in Corals, Hydroids, Tapeworms, Polyzoa, and Turn* 

cates. 

EXPLANATION OF TERMS. 

When in different animals organs are. found fulfilling 
the same purpose and doing the same work, we have a case of analogy; 
the organs are said to be analogous, and the one is said to be the 

analogue of the other. 

Ex. The wings of a bird, the wings of an insedt are analogous 
one another since they serve the same purpose ; they are not similar 

however, in any other way. . 

Homology.— 'Whea, in different animals, we find organs having the 

same structure, whatever their functions may be, Jave a of 
homology ; the two organs are said to be homologous, and the one 

said to be the homologut of the other. t u* j - 

The arm of. man, fore leg ot a dog, wmg of a bird are 

coortructed on the rmne type and are of one aoother though 

thev do not’perform the same functions. Se^ g* ^9* ^ 

/i.r.-ilne general aaaemhlage of the aaimal. ol any regum or 

district is called the fauna of that district. , , . « 

habitat «re understand the natural abode of any 

differentiation is understood the prodne- 

ta a^l life the P™ «•' “n 

Or when we bare an alteration in structure accompamed 
b. a dllference in the functious performed we have a diBerentubon in 
gLcture accompanied by a differentiation in function, 
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Ex. In one animal movement may be performed by the whole 
body. In another by a part only. In the latter we have differentia¬ 
tion both in structure and function. 

Descent .—Animals living at the present day are said to be derived 
from animals living at former periods by a process of descent. 


EXPLANATION OF CLASSIFICATION. 

The Animal Kingdom is divided into two great sections known as 
the Invertebrate animals or invertebrata and Vertebrate animals or 
Vertebrata^ the latter being distinguished from the former by the 
presence of an internal skeleton. These 'sections are divided up into 
phylas or branches. 

Phylum, — Phylum or branch comprises a group of animals which 
are constructed upon a common plan or type. 

Class.—h class is a sub-division into which the animals constructed 
upon a common plan (comprised in a phylum) is broken up. 

Order .—Each class is divided into orders. 

Family .—Each order is divided into families. 

Genus.—Each family is divided into genera. 

Species.-- Each ger\us is divided into species which is the smallest 
definite division of the Animal Kingdom which will be considered in 
this work.* Each species or kind*' of animal consists of such in¬ 
dividuals as resemble one another in all the essential characters of 
their structure a id are able to produce other fertile individuals like 
themselves. 

Individual,—The members of a species are termed individuals. 

Variety .—The members of a species are not always exactly alike. 
A number of its individuals may have some special peculiarity or 
peculiarities by which they can be readily separated from the rest. 
Such individuals are termed varieties. 

Race .—If the peculiarities of a variety are permar* rtt add are 
handed down constantly by inheritance we get a race. 

Ex. The dtiferent races ” into which the species consist* 

ing of numbers of ** individuals/* is divided. 

^--- _ j. _ ^ 

• Sttb^speeles, a sub-dirision of the species are being largely ased by some naturalists- 
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We will take as an example a dog. Its zoological position 
expressed in full is as follows 

. , , , VttRTSBRATA. 


Phylum 

Class 

Order 

Family 

Genus 

Species 


Mammalia. 

Carnivora. 

Canids. 

Canis. 

CANIS FAMILIARIS. 


All species are thus known by the double Latin name, the first 
being the name of the genus, the second the name of the species. 


EXPLANATION OF THE DISTRIBUTION OF ANIMALS. 

Distribution in Space. 

The distribution of animals in space or their geographical distribu¬ 
tion is concerned with the limits within which each species of animal 

is at the present day confined. Save man, the og, orse, s eep, 

u nn Qnprips Has an universal distribution, and 

mouse, housefly, etc., no species na:> 

each species is confined to a certain region within wider or 
limits The Giraffe, tor example, is not known to «f >>“ 

etc Further it is piLible to divide the earth’s surface into a certain 
number of -’zoological Regions," each of which is characte^y 
the recurrence in it of cerUin associated forms of animal hfm We 
have therefore to consider here, firstly, ‘''f 6° 

assemblages of animals (fauna) are characteristic of certain large 

areas or provinces* . , , t 

The spread of land animals Is determined by the Pf«ence of 

rTnotaoss Owing to their power of flight the distribution of birds 
is not so limited but both birds and mammals can be given certain 

fixed provinces. 

The distribution of an .animal at the present day by no means 
necessarily coincides with its former extension. It may be more w i e y 
or less widely distributed now than formerly. 
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The earth’s surface is divided into three primary zoological 
divisions or zoological realms known, respectively, as the Arctcgaea, 
Notogsea and Neogaea .* The Arctogaean realm comprises 5 regions 
—the Sonoran, Holarctic, Ethiopian, Malagasy and Oriental. The 
greater part of India and its dependencies are included in the 
Oriental. The Higher Himalayas are within Holarctic limits and the 
fauna of Western India contains too large a proportion of Holarctic, 
or as they are generally called Palaearctic, types for it to be included 
in the Oriental or Indo-Malay region. 

It must be understood that the regions named are founded on the 
distribution of Mammalia and are not either necessarily, or, in fact, 
indentical with those which correspond with the distribution of other 
classes cf Vertebrata or of any Invertebrates. The class of Birds, 
taken as a whole, appears to coincide better with the Mammals in 
distribution than other classes do.t 

The Neogaean realm includes the Neotropical region. The 
Notogoean realm includes the Australian, Novo-Zelandian or Poly¬ 
nesian and Hawaiian regions. Each of these regions is characterised 
partly by the presence of .a particular ‘ fauna ’ or assemblage of 
animals and partly by the absence of certain other characteristic 
animals. 

The areas comprised in the regions and animals characteristic of 
them are:— 

I. Arctogcea.— 

1. Holarctic Region (Palcearctic and Northern Nearctic )— 

Including Europe, Africa, north of the Atlas Mountains, 
Northern Asia and north of North America. Charac¬ 
teristic animals are the Roe deer. Goat, Moles, Badgers 
and Magpies ^Pica) and true Partridges (Perdix.) 

2. Sonoran Region (Southern Nearctic) —southern portion 

of North America down to the centre of Mexico. 
Characteristic animals are the Musk rat, Pouched rats 
‘ (Geomys), Prongbuck or American Antelope, American 

* Lvdrkkbr.—A Geographical History of Mammals, pages 27, etc. 

t BLAMDfORD.— The distribvtion of Vertebrate Animals in India, Ceylon and Burma, 
Fbil, Tram. Royal Soc., London. Volvmo 194, page 337. 
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deer (Cariacus) and the I'urkcy. Tlif* Beaver, Reindeer. 
vSheep and Bears are types common to this and th^ 
Palcearctic region, 

3. Ethiopian Region —Including Africa, south of the Atlas 

Mountains and Southern Arabia. Animals are African 
FJophant, Hippopotamus, Giraffe, Hyrax. numerous 
Antelopes, Baboons and Ostricli. There is a charac- 
tristic absence of Boars, Deer, Gnats and Sheep. 

4. Malagasy Includes Mad igasi ar. M auritiiis, 

Sychclies, etc). Characteristic animals arc Femur-, 
civets, mungooses, musk, shren^ and Muridoe. 

5. Indo-Malayan Region Inc luding Asia, south of 

the Himalayas, Burma, Siam, Southern China and the 
Indian Archipelago (Java, Sumatra, Borneo, etc.). 
Characteristic animals are the Gibbons. Fungurs, Indian 
Elephant, Gaur, Sainbar, Muntjac*, Chevrotain, Paradox- 
urus, Tupaias, Hornbills, Pea fowl and Jungle fowl 

IF Neoc./VA.— 

Neotropical Region —Including the wdiole of South America, 
Central America and Southern Mexico together witli 
the Antilles. Characteristic animals are Platvrhine 
Monkeys, Llamas, Peccaries. Sloths, Ant-eafers. 
Armadillos, Humming Birds, Toncans. Curas^ow^os, Tina- 
mus and Rheas. There is an absence of insectivorous 
Mammals, Goats, Antelopes, Oxen, Cranes, etc, 

I, Amiralian Region —Including Australia, Tasmania. 
Characteristic animals are the Duck mole, Indian Pan¬ 
golin, numerous Marsupials, Birds of Paradise, Cock¬ 
atoos and Australian Mud Fish. 

There is a remarkable aHseraCe of most orders of 
Placental Mammals, of Vultures, Woodpeckers and 
tailed Amphibians. 

III. Notog*«a.— 

3 . Novo-Zelaniimn or Polynnian Regicn .—New-Zeatand and 
Polynesia. Animals resemble Australian sax^e that 
there are no Marsupials, Monsiremes or rf'ptiles except a 
few Hsards and Hatteria or Spheoadon. 


INTRODUCTION 


■ 


XXI11 


j. Hawutian Region .—Hawaia and characteristic animals are 
a bat [A(alapha) and Passarine birds. 

I.eaving the dry land we fuul that even the Ocean animals are not 
distributed at random. Some live on that portion of the sea-shore 
between high and low tides so that fhey are uncovered by the water 
twice a day. Next we find animals living just below low-tide mark 
and to a depth of 15 fathoms. Beyond this are other re<^ions of 
various depths which can usually be recognised by the animals Inhabit¬ 
ing them, and finally we get the distinct “ deep sea ” inhabitants living 

in vvater from 300 fathoms to .-^,000 to 4,000 fathoms. There are also 

distinct genera inhabiting the polar, temperate and torrid zones and 

some differences occur between the forms found in the different 
oceans. 

DISTRIBUTION IN TIME, 

The distribution of animals in time or their geological distribution 
IS a very vast subject. It will be sufficient to mention here that the 
various kinds of rock composing the earth’s surface often contain what 
«re called fossils or “ petrifactions ” ; in other words, the remains or 

hei^o fo ? lived at the time the rocks were 

being formed. In rocks which have been formed in the sea. the fossil 

cmisists of s eletons of .shell-fish, corals, sea urchins, etc ; and in rocks 

V *ch ha^e been formed in lakes or rivers we have fresh-water shells 

and skeletons of fresh-water fish; and in ancient soils as well as 

m fresh water deposits we find the remains of plants, along with air- 

of these has shn^vn rw l examination 

rt, f •. f • j history of the earth can be traced througli- 

ut a series of periods each marked by a distinct fauna. ^ 

Further, It must be borne in mind that animals at present livin. 
on the earth present a general likeness to those duelling"^on the earth 

n '"V°-’ -I IdentiX the 

same. Thosehving n, earlier periods, however, are not only “eatfnct “ 
hut they are very unlike those seen at the present day No fesU 

of thHitL" rphylr " O'”'' 
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Chapter I. 

SCHEME OF THE ANIMAL KINGDOM. 

All animals, like plants, are made up of cells. 

The animal cell usually consists of a substance called protoplasm 
a finely divided viscid substance of which the most important consti¬ 
tuent is albumen. Protoplasm also contains a considerable quantity of 
water and of various other materials. In the protoplasm is a rounded 
or oval body, the nucleus, and in this again is a smaller spherical body, 
the nucleolus. The protoplasm may or may not be surrounded by a 
thickened layer or " wall.'* An Infusorian animalcule, a microscopic 
organism found in dirty water, is a good example of a protozoon 
with a thickened wall round the protoplasm. 

Protozoa. 

•Some animals never get beyond the stage of this single cell and are 
then called protozoa (Gr. protos, first j and soon^ an animal). These 
protozoa may be defined as unicellular animals which may be colo¬ 
nial may consist of a number ot cells joined together), but 

then the members of the colony arc all alike. This is the lowest 
division of the Animal Kingdom* The protozoa have no organs at 

B 
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all. No definite body cavity and no nervous system, and definite 
digestive organs are absent. They are mostly microscopic animals 
which are widely distributed in great multitudes in the seas., fresh 
waters, and d.imp places on land. The Amoeba is a typical example of 
the group. It is a microscopic organism which is frequently found 
in fresh water. Its shape is irregular and indefinite. It consists 
of the one cell (fig. 7) having the above des'ribed structure but with 
no wall surrounding the protoplasm. It has the power of movement, 
small processes, called psendopodtOt being thrust out from the surface 
by the straining of the general substance of the animal towards 
certain points, and the pseudopodia then disappear, and new ones are 
formed ; but apart from this the protoplasm Is in constant motion as is 
shown by the. way the granules move about, and this mobility of the 
protoplasm enables the Amoeba to glide about through the water. 
The food is caught by means of the pseudopodia and the undigested 
residue is got rid of by the protoplasm flowing away from it. 

Metazoa. 

Further advance in size and complexity of animals depends on 
multiplication and union of the cells and multicellular animals, i,e,, 
those in which the individual is made up of more than one cell are 
called Metazoa. The union of cells is not possible to any extent if 
all the cells remain exactly alike. The metazoon begins life as an 
ovum, a small corpuscle of living protoplasm provided with a nucleus, 
and at this sta^e agrees in all essentials with the Amoeba. It does 
cot remain, however, in this state j the ovum divides into a number of 
segments, each with its own nucleus, but instead of separating from 
one another, they remain in connection j such segments are called cells 
and the body of the metazoon attains its definite form by repeated 
division and differentiation of the cells. The pbrfect metazoon then 
is an intimate association of cells like an Amoeba, but show'ing greater 

or smaller modifications. 

The exprersion “ division of physiological labour-" is used to express 
the fact that a sort of rough correspondence exists between low y an 
hiehly organized animals and plants, just as it does between lowly and 
highly organized human beings. In primitive communities there is 

little or no division oi labour. Every man . 
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doctor, etc., and is more or less indepeuaent of the rest. Whereas in 
complex civilized communities society is differentiated into politicians, 
butchers, bakers, soldiers, etc., each class being dependent on the 
others. The same thing occurs in the more complex animals, cells 
being differently modified for different work. 


CCELENTERATA. 

■ We have seen that union of cells is only possible if the cells do not 
remain exactly alike. Some cells undertake digestive functions, others 
respiratory, etc., etc., and hence by adaptation to special functions 
the cells tend to become unlike one another, and we have differentia^ 
tion and organization under control. The simplest stage of differen* 
(iation occurs when cells become arranged in two layers, an outer, 
which is a sensory or protective layer, and an inner, which is the 
digestive one. This latter forms the wall of a simple cavity open at 
one end; the cavity is the digestive cavity and the opening is at once 
mouth and anus. An animal known as a Hydra has this structure. 
Fig. 8 shows a species of Hydra known as Hydra fusca, and 
a longitudinal section of the same. Such animals are known as 
CcELENTERATA. With very few exceptions the Ccelenterata are 
miarine animals. Examples of the group are the Hydras, Coral 
Polyp, and Jelly-fish. They are not of importance for our pur¬ 
pose, but the student should notice that the complicated system of 

organs described in the Introduction to this work are not found 
in the Ccelenterata. 


Coelomata. 

All the higher animals have, in addition to a digestive cavity, a 
second cavity known as the body cavity or CoELUM, and are known 
as Coelomata. In these animals the digestive cav'ty, now called 
the altmenfary canal, is quite separate from the body cavity j it 
passes through the latter without opening into it just as the chimney 
of a lamp passes through the globe (^. fig. 9), Except when they are 
parasites, all the Ccelomata have some of th^ system of organs 
described in the Introduction. 

The Division Coelomata is divided, according to the complexity of 
their stmcture, into seven principal Phyla or Branches. 
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Phylum I.— PLATYHELMINTHES or Flat Worms. 

The Flat Worms are bilaterally-symmetrical, unsegmented animals 
with a flat, generally leaf-like body and usually no body cavity, the 
space between the internal organs and the muscular body wall being 
filled up with connective tissue. Sometimes eyes are present, situated 
anteriorly. Both male and female reproductive organs are present 
in the same individual. These animals live in fresh or salt water or 
even in damp places on land, or are parasitic in other animals, such as 
fish, mammals, etc, The tapeworms (Class Cestoda) parasitic in bir s 
and mammals, etc., are examples of this phylum. 


Class.—Cestoda. 

The external parts of an ordinary tapeworm 
a very small “ head ” continued behind into a small neck followe^ 

bv a very large number of joints of which the first are very sma ^ 

short, whilst those which follow get larger and larger the 

are from the head. Each joint may be looked upon as an in ' 

it is furnished with male and female organs, and 

mature without reference to the other joints. 

on, creeps about, perhaps for a considerable time, and then 

ruptures, liberating numerous eggs, js 

a species of animal which exists jn two forms. The larv* devemp g 

from the liberated eggs become in another host bladde • 

"''^Arexample is the Tapeworm of the dog. T^ia casenurus. TW® 

An example p animals 

wall, i. tram ^S i. itelaO lk« 

If a sheep'dog harbours P ^ digested 

take wp a passed-out joint wit g ^ av, ^gg, U bores through the 

in the sheep’s intestine and and is carried by the blood 

wmll of the sheep b intcs 8 I further^ however, in the 



9 . 

10. 

11. 


12 . 

13 . 


»>.b.4y>r>i;‘ '■ “““■ 

- ‘ '"j"''rlnn,! ..on. I»i«« 

^ th^ hcidvo( a Thfcad-*,voTm, irtarnsi oritan^Dcmg 

tiaeM. 

^ 0 . 0 »(f.,... 

Ritz Boa.) r. pjj-g t 










A MANUAL OF ELEMENTARY FOREST ZOOLOGY. 


s 


until they find a suitable place for further growth. The larva now becomes a 
bladder-worm which gradually grows until it attains a size varying from a nut to 
a hen s egg. It develops numerous tapeworm heads, as many as three to four 
hundred. These become tapeworms if the sheep is finally killed by the para¬ 
sites, and its head devoured by a dog or fox. The disease in the sheep produced 
by the bladder-worm (Carmrus cerebralis) is called ‘sturdy or staggers.’ 


Phylum II.—NEMATHELMINTHES or Round Worms. 

The Round Worms are bilaterally-symmetrical, unsegmented animals, 
with a cylindrical body ; the body wall is tough, and booklets or spines 
may be present on it, but deeply embedded bristles are always absent. 
The gut may be absent, but this is exceptional. 

There are no special organs for circulation and respiration. The 

sexes are distinct in the large majority. Only the class Nematoda needs 
consideration here. 


Class.~Nematoda (Thread Worms). 

Elonpted, thread-shaped or spindle-shaped, unsegmented. A gut 
terminating in a ventral anus is present. The outer investment of the 
skin is smooth, often weakly ringed or striated. The muscle layer 
under-neath the true skin is interrupted here and there, when the skin 
itself stretches further inwards (fig. 11). The mouth is usually surround¬ 
ed by lip-like folds, but more or less distinct jaws may also be present. 
The anus either lies at the apex of the tapering posterior end of the 
body or further forward on the ventral surface (fig. 12). The nema¬ 
todes are mostly parasitic, though some small forms are free-living in 
fresh water, damp earth, or in the sea, and others in decayed substances 

The Ntmatodes in the Gut consist of many species belonging to several 
families. They exist more in young animals than In old and cause the following 
aymtoms: (i) Appetite variable; (2) nutrition in general affected, even if suflBcient 
food is token; constipation or diarrhoea; belly much drawn in, or else usually 
swollen out; the animal itoelf is thin and has (except horse) a tendency to vomit 
(3) an itching all over the body, especially at the nostrils and anus; the animal 
rubs and bites the sides of its body; (41 tongue covered with a thick, soft, 
yellowish coating 1 a sweet smell from the mouth j (5) the skin is tense, lacking its' 
usual elasticity; (6) the animal suffers from spasmodic colic; and (7) disturb* 
ancea^of the nervous system (whining or crying, unrestrained or suppressed fits). 


I 
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or livmg plants. Many of the parasitic forms live in different hosts at 
different periods, or are free-living at one period, parasitic at another. 
Some live in this way in damp earth at one season and bore into 

insects at another. 

Family .—Anguillulidx (Eelworms). 

The family Anguillulidx, which may be taken as a repre¬ 
sentative one of the class, is one of some importance since it contains 

several most destructive crop pests. 

Eelworms are extremely small, and thin skinned; they lay on y^a ew 

relatively large eggs, which develop very quickly. Theyli^e In 
humus or as plant parasites, leading to characteristic diseases. Al 
these parasitic forms may be recognised by the presence of a ‘ mout 
spine.” This structure, found in the mouth cavity, is very sharp 
and pointed in front, and can be worked forwards and backwards so 
as to penetrate the cell walls of plants. This mouth spine is oun no 
only in the species which infest plant tissues (species of Tylenchusi 
Aphelenchus, Heterodera), but also in those forms living free in t e 
earth which bore into the exterior of plant roots. In al cases an 
eelworm devoid of a spine is not a plant parasite, typical 

of this family, we will consider here the wheat eelworm, Tylenchus 
scandens—c^rx^ixig a disease well known in England, GerjnMy 
France, and Italy, a quarter of the wheat crop being sometimes 

.he mat. U abaa. '"te 

tenth to one-fifth (according M.e size ot ine 
Life-hutw/ oi the wheal eelworm, which the eelworms develop). the 

rjUntku, tfnim. eelworm is the cause of « ear-cockles " of 

wheat In several partt of the ear short, thick, dark-brown galls {see fig. 13) aw 

r..“d ia'.^ .to. g»"- >«''■ “"T"(i t 

1 “ rSS “ag" Th«. qahe dr, .ad rigid, ha. g^daall, r.„« «a 

ifoUleaiag «.ea a .he gall, have reaiaiari so year. >a .he dtaid-up 

,MP, ead ia a«., ca». -e". ageia .i.h .he saaad gr»^ 
influence of moisture the brown shell soon decays, and the eelworm _ 

the mil, travel to a neighbouring wheat seedling, where they live between t ^ 
leaf fheath and haulm j they also penetrate into the tei minal bud. The haulms of 
a wheat plant infested by many eelworms remain relatively short; the leaves are 
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often sharply bent and have wavy margins. The eelworms quickly tra ftom 
ail parts of the plant into the earsj and get into the rudiments of the flowers 
causing them to swell up like bladders^ and their walls to become first dark-green, 
and then dark*brown. Sixteen to twenty eelworms are present in the lowest 
flowers of the ear, ten to twelve in those higher up, and four to six in the topmost 
and therefore smallest. Soon after entering the flowers the eelworms become 
sexually mature and lay eggs (600 to 1,600) from which are developed the larvae 

which inhabit later on the cockle^seed like gall. 

* 

Phylum III.-^ANNELIDA or Eartbwormsj Seaworms, Leeches. 

Segmented worms with rounded (earthworm) or flattened (leech) 
bodies and possessing both mouth and anus. The segments are 
relatively similar. Limbs when present are unjointed. They have a 
body cavity and usually a circulatory system. The nervous system 
consists of a pair of nerve cords situated along the ventral surface 
below the alimentary canal| which are connected with a pair of 
ganglia lying above the pharynx (fig. 14). Eyes feeble. There are a 
fair of tubular excretory organs in most segments (segmental organs). 

I he elongate body consists of a number of somites or segments which 
are separated externally by constrictions. The segments resemble 
each other to a certain extent, both in their internal and external 
structure, although they are never all identical, the first or several 
anterior segments and the last always differing from the rest. The 
mouth is close to the front end. The alimentary canal, consisting of 
several regions, usually traverses the body without convolutions* 
The anus is at the hind end (fig. 14). The sensory organs are often 
represented by tactile threads (tentacles, etc.). The circulatory fluid 

is sometimes yellow, sometimes green. Some annelids are of separate 
sexes, others hermaphrodite* 

Three classes of annelids will be shortly noticed here. 


Class I.— CHiExopoDA* 

Most Chietopods are marine and for the most part creep about on 
or burrow into the soft bottom of the ocean (some species bore into 

•The stem Mlworm {TyUnchi^ ifevasirix) infesting rjc, oats, stored onions, buck 
wheat, poUtMS, clover, etc., the Beet-eelwonns {Heterodeta schachHi^ and the Root- 

^ ^ EA»pMn crop petto, and ai our know 

Itdfo iucreotet, it will doubtleat be found that India baa aeveral nozloua apeclea 
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rockslone or clay, but it is not understood how they do it) 5 
live in like manner in fresh water or in damp earth, A considerab e 
number form tubes consisting of foreign particles, mud, clay, sand, 
etc,, cemented together; this tube increases in sire as the animal 

grows. 

An earthworm [Lumbricus) is a typical example of this class. 

It has an elongate cylindrical body, tapering in front (fig% 15)* 
are absent. On the ventral side of the second segment is to“nd t 
opening of the mouth. Just in front of the middle .s the 
a thickened region of the skin covering several segments J 

a large number of glands whose excretion is connected with f ^ 

action. The earthworm is hermaphrodite ; when two individuals pair 

they mutually fertilize one another. 

The o( »hich . Urge .umber « genereUy UIJ, ur. .u.,m. n^a t, . 

substance which is secreted by the glands 
uu-butofy oiihc Eirthworm. clilellum, and suffounds them as a capsule 

„ ihev are being laid. Earthworms of different species live in cultivated soil, in 

bu/o. ..d upo. Uhich .H.y trrd They 
humu,. J. .1 ..y r«., •« i» .rry poor ...dy ».l or oby- F 

Ihry carry Ihrlr burrows up lo pirttct which 

they harrlakmlolo ibrbody. The bufrowr fu. d ow n -ttoy. 
to as much as eight feet below the surface,scarce y ew _ during the winter 

.h.,m.diu».e.l.r,.mm.,wh.r..hr.^mr»a,»~drf^d«^* 

.dm rioting ih. ^ suitmm roil mid gwiuw the 

.rrrrrd.timunrm StirJtfd^Jg -Jic l...tii»ry liq«a- 

'fhe excreu nre d^osited te * . J,, effect at times considerable 

ttwally repairs only at oarticularly in damp places. The benefit 

they do. liMKTer, 1. tW ^ „„ int^h. «)il much Meier than it could 

s^wthtiw; rb.‘? a wtigb. ti tont-^rihrm^'z. 

lUri^thti. bodlrm Tito, .heSw P-P?™ .iT Whte 

the gnnrth d plants, by continually exposing it to the air. By inese 
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especially by devouring soil and replacing it on the surface in the form of excreta* 
the earthworm thoroughly mixes together the particles of the soil and thus does 
more than any other animal to promote the natural elaboration of the soil* and 
attains thereby a paramount importance in the economy of nature. When a locality 
is deserted by earthworms on account of, an inadequate supply of moisture, 
the surface soil changes and assumes a dry turfy character ; should this occur in a 
forest, natural planting, by self*sosving, ceases, and unless man interfere, the wood 
gradually becomes a moor. 

p 

Class li.—D iscophora (Leeches). 

The body is usually flattened, having sharp lateral edges, rarely 
cylindrical. The segments are externally divided each into several 
small annuli by transverse furrows, so that the number of the segments 
appears many times greater than it is in reality (c/. fig. 17). The 
posterior end of the body is modified into a sucker. .Around the 
mouth there is also an adhesive disc, which in some is cup-shaped 
like the hinder one (fig. 17), whilst in others it consists of along, 
jointed upper lip and a shorter under lip. The digestive tract 
consists of three sections: the pharynx, the crop, and the rectum. 
In one group, the Gnathobdellidsi, the pharynx is muscular, and 
furnished in front with jaws, three prominent, longitudinal, chitinous 
ridges, with teeth on their sharp edges, which work like little saws 
to cut holes in the skin of the prey, (cf. figs. 18, 19), so 

that the fluids may be pumped out of its body by the pharynx. In 
the other division, the Rhynchobdellidm, on the other hand, a thin 
muscular tube, the probcscis, is attached to the end of the thin 
walled pharynx. It may be stretched out from the mouth and 
pointed) so as to bore through the integument of the prey. The 
crop is a straight, wide tube, which is almost always provided with a 
number of paired diverticula; the capacity of, the crop and its diverti- 
cula allows for the taking in of a large amount of food. The intes* 
tine is narrow and opens dorsally above the sucker. 

The leeches are always hermaphrodite. The eggs are laid in 
chitinous capsules (cocoons), usually several together with a certain 
amount of albumen. The young ones leave the cocoons in the form of 
the adult. The leeches are well represented in fresh water, though 
a oooaiderable number are marine. Some are terrestrial, especially so 
in the tropica, and others frequently go ashore. They are predatory or 
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are ternporary parasites, sucking the blood of larger animals j some 
are stationary parasites. They creep about in the well-known manner 
by means of their suckers; but are also able to swim by serpentine 

movements of the body. 

Leeches are often a source of considerable annoyance in many 
Indian forests during the rainy months, and in moist damp places at 
all seasons except the coldest months of the year, and this is more 
especially the case in the hotter parts of the country. Areas in the 
eastern outer Himalayas on which more or less permanent grazing 
takes place appear to invariably swarm with leeches. Damp hot 
tropical forests like those to be found in the southernmost portion of 
Chittagong, Arakan, Lower Burma, Malabar, etc., invariably abound 

with leeches. 

Phylum IV. —ARTHROPOD A. 

The Arthropoda are bilaterally-symmetrical, segmented animals, the 
segments being modified in various ways. The limbs are jointed. The 
dermal skeleton is formed from a well-developed cuticle (chitin). 
A body cavity is present. The heart is on the dorsal side and the 
nervous system as in Annelida. Highly specialized sight organs 
(compound eyes) we present. The segmental organs are always 

much reduced in number, or entirely wanting. 

Examples of this group are the Prawn, Crab, Spider and Scorpion 

Insect, Millipede and Centipede. ^ 

From the forester’s point of view this is the most important, as it is 

by far the largest, of all the phyla, and we shall return to it later 
and consider it in detail. 

Phylum V.-ECHINODERNlAtA. 

The Echinoderms are radially symmetrical animals, that is, a number 
of similar parts which together make up the body are arranged around 
an axis (fig. 20). These animals are usually 5-rayed. The mouth is 
situated at the lower end of the axis of the body. There is a body 

cavity, a circulatory system, and a special water circulatory system. 
The dermal skeleton either consists of numerous minute calcweous 
deposits or of hard plates. In some the radial symmetry is indistinct 
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31. A Sea Urchin. . *# n n ., 
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34 . A Slug with body drawn up. 
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and there is a more or less distinct bilateral symmetry. Echinoderms 
move by means of rows of tubular feet (scp 20). The tube feet are 
soft, delicate, usually cylindrical structures, the fore ends of which are 
either provided with suckers or rounded; only in the former case 
do they serve as organs of attachment. The skin is often lightly 
^^l^ured. Echinoderms are all of separate sexes. Examples of this 

phylum are the ^tar*lish and Sea Urchin, 

In the Star-fish the flattened body consists of a disc with five or 
arms (fi§» 20). In the Sea Urchin (fig* 21), on the other hand,. 
the body is sometimes almost spherical, but in most it is spheroidal 
or heart shaped ; arms are completely absent. The greater portion 
of the body wall is furnished with immovably connected calcareous 

plates some of which bear movable spines. 

_There are a few sea urchins in which the plates are 

jointed.) , 

Echinoderms are entirely marine and arc not of importance to the 

forester. 

Phylum VI.—MOLLUSCA (Molluscs). 

This phylum, to which oysters, snails, slugs, cuttle-fish, etc., belong, 
includes unsegmented animals with a bilaterally-symmetrical embryo, 
while the adult may be much modified, especially in snails, which are 
enclosed in spiral shells, and also have their bodies partially coiled. The 
heart is placed in the dorsal region. The skin of molluscs possesses a 
peculiar and charactetistic covering. From a definite part of the body a 
larger or smaller fold of skin, called the ‘‘ mantle," grows out, which en¬ 
closes a space, called the “ mantle cavity." In most molluscs this mantle 
secretes an external or internal calcareous mass. In this w’ay a " shell " 
is developed (fig. 22, A, S ; 23) which is usually external. This is the 
case with the edible and common garden snails. In other cases 
(cuttle-fishes) the shell is formed inside the mantle, or it may be 
replaced by a collection of calcareous granules (as in various slugs). 
In most molluscs the chief organ of locomotion is the so-called 
“ foot " (fig. 24). This is a very muscular region of the body, cWeted 
by skin, and serving either for crawling (snails)^or else for digging in 
the sand and even springing (bivalve molluscs). Its structure 
varies according to its function. The classes GustKopoda and 
Lamellibranehiata will be here considered. 
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Class I. -Gastropoda (Snails and Slugs, Whelks, Cowries, Limpets, 

etc.). 

The greater majority of the Gastropoda, excluding the whelks, 
cowries, limpets, etc., are marine. The 

will be considered here, belong to the Pulmonata. 1 hey possess 
a head wliich bears unjointed tentacles and also eyes, w ic > 

many cases are borne on the tips of pedicels. ^ 

creeping, and is flattened in a sole-like way on its under-s.de 
(fig. 24) The mantle is generally small, and limited to the dorsal side 

a small part of the body, but the rest of the body can ^e mostty 
or entirely drawn back into it. Snails possess jaws, but the chi 
organ used in attacking plant structures is the swollen tongue 
3 ;.d by a rasping plate, on the surface of which “ «ws 
of teeth are arranged. The rest of the tongue cousrsts ^ 
and two small cartilages are also found within it. 
up when the tongue is protruded, and the whole apparatus 
kind of rasp, by the backward and forward movements of which 

food is redwed to small fragments, Marine snails breathe by 

which are found in the mantle cavity (fig. 22 ), w is m ^ 

fresh water and all the land forms breathe by "leans of he innerja^ 

of the mantle cavity, which thus serves as a lung. . 
slugs are hermaphrodite. The operculated land shells, 

Cychsloma, Helicina, etc., are dioecius. . . .... ^und. 

It is only amongst land snails and t a» ^ improbably 

Species of the genus Hilix comm it havoc in fruit culture an 

damage small trees. ^-iculture in Europe and require to be studied in 

, u AnyWudof 

be henuM. espabll, it it .tttolM yo“”g P'0"®- 

chiefly'» tte for.«, •fj"’* todfS .KU Kw owitipiy 

weeds. This is especially true of the larger ama . « 

very ^P***'^* ;nly'feeding at night, so 

selves up and hide beneath „,_i,.elv dried up. Fig. 24 shows a slug 

as to prevent themselves aOpLrs when overtaken by the cold and fig. 

wHh led aod cwl about dur'ing the dar 

ST A .«go^b» o' egg. o«y b. 'ollby .« 'o*'*"*"* 0"^ *“■ 

often able to withstand great coW and dryness. 
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Class II.—Lamellibranchiata (Bivalve Molluscs). 

Headless. The mantle consists of two flaps, which secrete two 
shelly pieces (valves) movably united on the dorsal side (fig. 25). The 
foot is usually wedge-shaped. Respiration is effected by gills placed in 
the nnantle cavity, w^hich communicate ^vith the exterior, either by th^ 
usual respiratory opening, or by a breathing tube. Most species are 
marine, but some live in fresh wat^*r. They are of no importance 
either in the forest or in agriculture. To this class belong the 
Oyster {Ostf'cci cdults'^y the Sea Mussel {^Mytilus cdults)^ the tropical 
Pearl Mussel {Meleagrina margariti/era), the fresh water Swan 
Mussel {Anodonta cygnea) (fig. 25). the Nautilus (fig. 26), and the 
notorious Ship orm, Naustoria {Teredo) ttavalis, which bores into 
wood, etc. The Ship Worm is a wood-boring mollusc which has been 
known for a verv long period to cause great damage to wood placed 

in tidal waters. Its life-history is as follows:— 

The Ship Worm or Teredo as it has been popularly known for many years 

... past, bores holes Into timber sunk into rivers and 

LUcohutory of the Teredo, harbours within tidal areas. There are very few 

timbers which it does not entirely riddle within a few years. The molluscs 
attack the piles in company, driving elongate cylindrical holes into the wood , 
these tunnels have a longitudinal transverse or diagonal direction quite irre¬ 
spective of the hardness or grain of the timber* The limber is only attacked 
between low and high tide levels as the Nausiioria only lives within this limit and 
it apparently prefers the side of the pile, etc., upon which the ebb tide impinges. 
Both teak and pyinkado and also bamboos are badly attacked by this mollusc in 
Burma. Pig. 28 shows the teredo worm, the worm in siiu in a piece of bamboo 

and its tunnels in bamboo and pyinkado. 

An interesting experiment recently made in Australia has shown that after a 
period of nearly seven years piles of the New South Wales turpentine wood 
{Syncarpia laurifolia) only had the sap-wood bored into about one inch, whereas 
the celebrated hard jarrah wood was entirely riddled within this period. The 
experiment was made at Port Hunter in New Zealand,* 

Phylum VII.—CHORDATA or VERTEBRATA, 

Bilaterally^symmetrical animals with certain parts of the body, such 
as the skeleton and musculaturej segmentally arranged. Usually two^ 
pairs of limbSj never more, are present. There is a body cavity and a 


* Indian Engifiaering^ tIK>4* 
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ventral heart. The central nervous system is in the form of aeon* 
tinuous thick'walled tube along the dorsal side, generally enlarged 
anteriorly. Examples of this phylum are the fish, frog, lizard, bird, 
mammal. 

This phylum is next in importance to the Arthropoda and will 
be considered in detail later on. 

The following table shows shortly the position of the various 
groups of animals we have shortly considered in the Animal King- 
dom;— 

ANIMAL KINGDOM. 


P 

Unic 


r- 

T020A. 

ar Animals, 
mceba. 



Metazoa. 


Multicellular Animals, 

1 


r- 

CaSLENTERATA. 

A simple aigestive 
cavity. 

Ex. Hydra, 
Coral, Jelly-fish, 


CCELOMATA. 

A body cavity In addition 
to digestive cavity. 

Ex. Worms, Leeches, 
Arthropods, Echino* 
derms, Molluscs. 

V ertebrata. 
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Chapier II, 


SYSTEMATIC EXAMINATION OF THE PHYLUM 

ARTHROPODA. 

segmented nnimals, 

The d^l jTf I'^is are jointed. 

Mttin) A hodo‘°" 'f " teelt-developed cuticle 

de and the nervous system ts situated atong the ventral one 
tg y spectaltsed sight organs [compound eyes) are present. 

Classification of the A-rthropoda. 

according to the 

nature Of the respiratory organs present^ 

I. Breathe by^,7/r, lungsaeit (or occasionally trachea! of a special kind) 

I. Elongate, cylindrical trachea of a special kind Clasa i .-Onvcho- 

H. Breeth. b, <„rW.bi.h e.™ 

I. Genital openings typically at posterior end of 

abdomen; Jatter without appendaces ru . r 

e. G.»iul ou, o't 

bod, I rtn 

Class i.—Onvchophora. 

This division includes only the genus Peripatus. In externol 

rgr “ dtiiorir r" 

Thi» Qirtn ^1 » segments not externally demarcated 

end ‘ra„sve,«ly. M fh. 

ev»bQ I *1. ringed tentacles and a pair of simnle 

n^'rert of c^tioatory or^t 

a pair of indisUnrff^—"f segments, each of which bears 

alimentary canal conirt" H"***®’ ending in two claws. The 

■ V-n,- .- s s o a straight tube an d the anus lies at the 

« «»a »r«. coelom, that specie. gr«U, reduced in Arthropods.- 
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wsterior end of the body. The respiratory organs consist of a wdl- 

d^veloped system of air-carrying tubes which ramify m body a 
deveiopca . irregularly distributed 

these lubes we see the first development o( the Iraohe* 

spheres, in damp places, in rotten wood etc. t 
several species at present unknown exist m Indian forests. 

Class 2.— Crustacea (Lobsters, Crabs, etc.). 

The members of this class are commonly known as Crabs Lobsters, 

rSi;tirJ 

pairs o. antconm. and by the eyes with 

the Crustacea are distinguished by ng usu y 

liranchiaj or respiratory organs adapted for g ^ 

mlmoXis helorc reaching the adult stage. The body of a t, p.ca 

“ i-‘r„trK[b.rdt 

placed one bebmd the ‘ ^ v ,he 

‘rt'orat'” a^d the'■ Thdimen ” or tail In very many cases, however, 
as et’n the lobster and prawn (fig. 30). the fifteen segments belong 
■ *rt’ the head and thorax arc amalgamated togethei into a g 

':L termed ‘h-j:'’ 

“'..fu^pll^VfMd a tetter ventral arch, and each may support 
a convex upper plate appendages on 

a single pair o ^ ^ ^ j„to masticulatory lorgans, 

the anterior 7J° ^ crab has these parts 

ThrUhai*iwax*“here is covered by a great shield or 

LleJ which the gill, are placed and the eyes are carried upon long. 

sUilks* 


PlAlt VI il 



SO. A. ann of man; B, foreleg of dog; r, wing of a Wd • i. hanetui*: radiuF 

w, ulna ; e, carpus ; m, meucarpua ; p, phalanges. 

30, A Cray-fislb 

81. An Indmn Scorpion i&orfia tmammerJami) / m, post-anal poison spine. 

Tto face p.ige 17 
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^ The Crustacea form an ^‘xtreinely large group of animals divided 

into many orders. They are, however, of little importance to the 
forester. 

Class 3 .— Arachnida (Spiders and Scorpions). 

This class includes the Scorpions,^Spiders, Mites, and Ticks, and is 

/u ***. Crustacea, from which its members are distin¬ 

guished by being strictly land animals, so that when distinct breathing 
organs axe present, they are never in the form of gills, but alwavs either 
lungsacks or air-tubes {trachear). None of this class have ever 
more than four pairs of legs and the segments of the abdomen never 
carry locomotive limbs of any sort. The eyes are sessile and are never 

. /£ ^ ^ antennae are converted into jaws or 

pincers (fig. 31); and the head Is always amalgamated with the thorax 

so as to form a cephdothorax. The body is .jsually covered with chitin 

but the skin at times remains soft. The mouth is situated at thd 

antenor portion of the body, and in the higher forms is furnished vdth 

A ^ir of prehensile jaws, called mandibles, a pair of chewing-laws 
called maxiUes, and a lower lip. ^ ^ ’ 

Order.-^Scorpionid/e (Scorpions). 

srnrnln***® “PPe** 1«*P is present as well. In both 

the J *.** "^"^ apparatus is present. In the scorpion 

ri 1 . I ** divided into five segments and is continued into the 

end of^th^hLr^^-^^'** niarked constriction. At the hind 

t hooked apparatus furnished at the base with 

for jh-if- ! V dangerous effects, a cure 

lor which IS to rub in vinegar hard* 

ORDBR.-rARACHNiDAS (Spiders). 

MR, M )9in^ to the cephalothotai by a constrhfted stalk or neck 
^ .^Jble terminates in a sharp, movable hook, perforated by L 
canal which commonicates with a polMn gland sitnated near its foae 

th^y °^”, “ *'"* ““ «“b aninala u 

Pig* 3a shows the spider n^assiuM Phipsom found in the Bombay PicsidcKy. 

C 
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Order.—Acaridea (Mites, Ticks). 

The mites and ticks are small arachnids in which the abdomen is 
amalgamated with the cephalothorax to form a single mass (fig. 33 )* 
The mouth parts are adapted for piercing and sucking, but some mites 

have biting mandibles. 

Family.— (True Mites). 

The skin is soft. No tracheae; no eyes. Legs short, often with a 
sucker at the end (fig. 33 . Many of the mites are parasitic. 

To this family belong the Cheese mite, Meal mite, the various Itch 
and Mange mites of man, horse, dog, pig, sheep, ojt, fowl, etc. 

Family.— (Ticks). 

Ticks (fig. 34 , are generally rather larger than the “'tes of 

the last family. The skin is tough as leather. The front part of the 

body is covered by a hard shield above; the skin of the hinder part, 

though tough, is very extensible. The front end bears a suckrng 

apparatus formed by the pointed jaws, and by its means the t 

pierces the skin of man or animals and holds on fast. 

Ticks are chiefly found in sandy soil, amongst bushes and shrubs or 
hprhs As lone as they remain on the ground they are tolerably small (^o i ) 

nlTbM » n>.m Jal pafses” n,h«, .be, a.«.b .b.m«l.» by 

tbny suck th. biomi of th.i, tomporary hosts. The .alls . 

the stomach aod intestin. ate esoeediegly elastic, so that the , 1, 

Vithdra!. it. month p.r« from the skin f '"J 

e II .. +1,0 tfrAiind where it lies for many weeks without feeding. I ne amaii a 

I* Ki°w.*atenoiabletoraovo the heavy, hlood.SlIed bodyoiitil the Hood h» 
? jvied 0* the fcmal. acts in this .ay. The male is much smaller ami 

ims t at«ck mlmale, its lend is nnknonm. The presence tii a la^g. 

ZlToT inks on an animal is a viri.ns maH.., as «•«» S' 

"“"Lw • sheep and cattle daily attacked become ihm. The dog tick also 

attacks man and will be found more especially prevalent in undergrowth. 

Family.^ (jramastWj! (Beetle Mites). 

These are temporary parasites on beetles, birds, and '®P|***^ 
;^arge beetles if looked at beneath, especially at the junction of th 



32. TAahnims phifsoni, 

33. A mile. 

34. Common Indiam Tick. 

35| 30. Red spider mite^ male and female. 

37. North-Weet Locust, a, head ; mouth parts ; r, compound eye ; ocellus or. 
simple eye ; antenna ; prothorax ; mesothorax ; 4 , metathorax; i, seg¬ 
ments of abdomen ; 7 , appendages; i to /, leg—A ^‘oxa ^hip); /, troc hanter ; 

m, femur (thigh); tibia (abanh) ; C7, tarsus; p^ claw ; r, front wing; #, hind 
or under-wing. 

[to fare page 1 %, 
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segments, will be seen to have minute mites on them, 
beetle mites. 


These are the 


The fowl mite belongs to this family. It is about the 

size of a gram of sand and red or brown in colour. It lives on the fowls during 

fow -house and also in dung. The mites draw blood from the fowls producing 
Itching and want of sleep, the result being that the birds grow very thin. ^ 


, ^MW'L^.^Trombtdiidae (Running Mites). 

Body four-cornered or longish oval; legs tolerably long, hairy; 
jaws claw or needle shaped ; surface of the skin velvety ; colour 
reddish or yellowish. These mites run about with great rapidity on 

feed upon the juices 

w ich they suck from insects or from other arachnids. 

Plant mites are often found in considerable numbers during summer, especially 

The Plant Mite or ‘Red Spid-r* ^dei-side of leaves and low growing 

{feirmnyehusM^rw), plants. Occasionally ihey increase to such an 

. extent as to prove a serious pest. They mostly 

remain fixed to the trees, sucking the sap. The so-called “ red spider '* of tea is 

one of these mites. It is ovoid, about one-fiftieth of an inch long; reddish (also 

yellowish or brownish) with a dark spot on each shoulder. The male and female 

are shewn, much magnified, in figs. 35 and 56. 1 his mite commits a considerable 

amount of damage by sucking the sap from the young leaves and shoots and thus 

killing them and greatly diminishing the leaf area, and consequently the annual 
outturn from the garden. «»nniiai 
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Class 4.—Insecta. 

True insects are distinguished from the other arthropods by ifie 

fact that the three divisions of the body—the head, thorax, and 
abdomen—are always distinct from one another; there are never 
more than three pairs of legs in the adult, and these are borne upon the 
thorax; the abdomen has no locomotive appendages [cf. fig. 37). 
Respiration is effected by means of air*tubes or tracheae, and in most 

insects a pair of wings are developed from the back of the second 
and third segments of the thorax. 

Characteristic Features cf Insect Life. 

Insects form by far the larger part of the animals of the world; 

the number of species of insects is greater than that of all the rest of 

the animals of the earth. Owing to their small size they have been 

little studied and little is known either as to the number of species 

at the present moment living on the surface of the earth or on the 

subject of the habits of the greater number of the known species. The 

largest insects are scarcely bigger than a mouse or a wren, while the 

smallest are almost or quite imperceptible to the naked eye; in spite 

of this the larger part of the animal matter existing on the lands of 

the globe is probably contained in the form of insects. In the waters 

of the globe insect life is by no m eans so n umerous. It practically 

only exists in any numbers in small collections of fresh water and then 

it may be for only a portion of the existence ; in the larger bodies of 

fresh water insects live on the edges only and they are almost absent 
from the oceans. 

Some insects form organised societies, a thing done by few 
other animals save man. We shall consider these later on. 

* 

External Structure of an Insect, 

The integument in insects is more or less hardened by the deposit 
tion on it of a homy material, oalled chitin, and the body is deeply cut 
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into segments (hence the name “ Insect ” from the Latin inseetus, cut 
into). This chitin is usually regarded as an exud.ation, A film is poured 
out over the insect from the cells which secrete'it: the film is at first 

I • 

soft and then hardens. Chitin does not grow or ; scale off. As arthro¬ 
pods grow in size they throw off their whole chitihpus outsides. This is 
called moulting or ecdysis. There are never more than two layers of 
chitin on an insect at any one time. When the under layer has fully 
developed in size it is larger than the outer one and the latter is 
then thrown off. Chitin extends into orifice^. About one-third of the 
anterior and posterior part of the gut is lined with chitin. 

The head in insects is composed of several segments amalgamated 
together, and carries a pair of jointed feelers or antennae, a pair of 
eyes, usually compound, and the appendages of the mouth (figs. 37a 
to e ; 38). The head consists of three main definite areas: the 
epicranium, clypeus, and gula (figs. 38, 39, a, d, i). The clypeus 
is situated on the upper surface of the head-capsule in front; it 
bears the labrum (e), a sort of flap forming an upper lip. The labrum 
is usually possessed of some amount of mobility. The clypeus 
itself is excessively variable in size and form. The gula {see fig. 39,1) 
is a piece occupying a longitudinal and median position in the upper 
surface of the head; in front it bears the mentum (k) and extends 
backwa^’ds to the great occipital foramen (j). The epicranium forms 
the larger part of the head and is consequently most variable in 
shape and size ; it usually occupies the larger part of the upper surface 
and is reflected to the under surface to meet the gula. The epicranium 
bears the antennae. There is always a gap in the back of the head 
for the passage of the alimentary canal and other organs into the 
thorax ; this opening is called the occipital foramen (fig. 393, j). 

The thorax is composed of three segments—the prothoraX| meso- 
thorax, and metathorax (fig. 37, f to h); the last two are usually 
immovable and united together, the prothorax being free and 
separately movable. Each division of the thorax has an upper 
region, called the notum, a ventral one called the sternum, and 
on each side a lateral region called the pleuron. These regions on 
the different segments of the thorax are distinguished by joining 
to their names the prefixes pro*meso<meta. Thus in the prothorax 
the ddrsal surface is called the pronotum^ the ventral the prosternum 
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Front of head of a Cricket. 

CapMile of bead of a Beetle, A. upper, B, under-eurface. In all 3 fif ufce ; epicran* 

!l“ N V *'*• "n**""* : *. 5'yp«*. fabrum; / bwe of nuadible • 

t I**F: protocrannuB ; i, gul.; y. oenpnat fonmen ; i, meiitiua. ’ 

Hc^ and i^tb pvta of a Ground Beetle i CarahtuJ enlarged, A. from above B fr~« 
bekm. «. hfamm; h, nundible; y, maxilla with palpi, g : t, labium with palp, e. 

Ifooth paiia of a Butterfiy. 

Montli parta of a Bug—oainei of parti aa before. (After NichoBoa). 

E, el>nle>lamellale: F,. nate^Jatate; C, H, bipectiaaic. • 

[to bet pace at. 
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“or> ‘f'" Each "f ‘he segmenle of the 

h .0 p,. e.pr ^ 11 ” r ["• 

‘Xst-“ 

m<>mhrt>r,e« ” V 8- 37 »j- in their typical form the wines are 

membranous expansions suDoorted hv i wings are 

(37 Pf‘>PerIy composed of eleven segments 

U 7 » *J» Which are usua ly more or less freelv ° 'cnis 

icKci cf. tig. or other appendaeea whiVL ar« i 

with reoroduction hiti u‘ u ° i- primarily connected 

exserted “ ovipositors - of lin ^ ‘ . ° the 

posiiors of Ichneumons, the stings of Bees anH vv 

piercing instruments concealed within the aoical t 
the abdomens of many insects, etc. ^ ^ 

^ The organs of the mouth in insects are of consideraKU • 
since the food, habits, and mode of life den^n1 
particular class of mouth par^rprLnt “Pon the 

are recognisable, termed, respecJ^lidy the «'Lsf 
which i, the «.p,es. f„;„, tt„ri:“''rrc 

tbDsepcovided with the IlchiW*' 't i “j"" “hstances, whilst 

The biting Js preset irr o n" ""'X- 

Neuroptera, and Hymenoptera and ' ’ Orthopteia, Coleoptera, 

in which the followlg ocLs 'tje pr^n't",^ ‘’r IV*" 

fif An 1* present {c/. fig. 40 A, B) 

of tCVeL"" ald^-^'^“"ll' * ^ attached below the front 

A - r • / ^ broad, movable plate* 

P^”* 5,“"?-'*'” "mandibles consisting each of a single 
( 3 ) A pair 'of Thewl^a^“r “■|‘l‘”5 

hUnwnlsrcLM 
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maxilla consists of six to eight joints, of which the basal 
(cardo) is short, the second (stipes) large, and produced 
into two long lobes, the inner (galea) being usually fringed 
with stiff setae along its outer edge, the other (lacinia), 
in several forms, consisting of two joints. The rest of 
maxilla, co isisting of 4-6 joints, forms a curved palp. 

(4) A lower lip or labium,the second maxillae, which also 
carries a pair of jointed filaments known as the labial 
palpi.” The second maxillae are similar to the first, but are 
distinguished by the fact that the two cardines are always 
fused to form a single plate, the mentum ; the stipes, too, 
are more or less completely fused and the lobes are often 
considerably modified as compared with the first maxill® 
and called glossae or paraglossae ; the palps are-like those of 
the first maxillae, but never consist of more than four joints. 

In the typical suctorial mouth, as seen in Butterflies and Moths 
(fig. 41), the following is the arrangement of parts. The upper lip and 
mandibles are quite rudimentary; the first maxillcB are greatly 
lengthened, and form a spiral tube fitted for sucking up the juices of 
flowers; and the labial palps are much developed, and form two hairy 
cushions, between which the trunk can be coiled up when not in use. 

In many insects the organs of the mouth, whilst being essentially 
adapted for suction, are also adapted for piercing solid substances, such 
as the skin of animals or the stems of plants. In these the lower 
lip fonns a kind of sucking-tube or sheath, within which are contained 
the first maxill® and mandibles, which are modified so as to form 
piercing organs or lancets (fig. 4 ^)^ This is the mouth present in 

bugs, plant lice and scale insects (Order Hemiptera). 

In the common Bee we get a biting mouth and sucking mouth 
combined. The mandibles or biting-jaws are retained, to enable the 
honey-conib to be manufactured, and there is also a tubular trunk 
fitted for sucking up the juices of flowers (fig. 104)* In the Butterflies, 
also, in which the mouth of the adult is strictly adapted for suction, 
the caterpillar is furnished with a biting mouth, so that it can feed 

upon leaves, wood, and other solid substances. i,* u 

From the head arise a pair of antenna or feelers (fig. 37 c), which 

either consist of a few well-developed joints, or of a large number 
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ones. The form of the antennae is very'varied (cf. fiff 
43 , A to H)i at the simplest they are filiform or bristle-iike, bat they are 

sometimes monilifotm,t.<,, are much constricted at the joints; or^hev 

ptolnced on one or on both side’s 

forms of clavate (clul^shaped). the ciab, when cinsisting of long 

joints on one side, ^ing called lamellate. The antenna is some- 

times elbowed or geniculate as seen in the Staff an#] 

Bark Beetl#*.? ' a- . e Beetle and various 

j- • • r , variations in form of the antennae are imoortant 

as dmsions o the orders are at times based on them a * Je 

Thesf T' appendages of the head are the 

pound eye is composed of numerous six-sided lenses, united toeether 
and each supplied by a separate nervous filament. From 20 to 
as many as 8,000 of these lenses have been counted the latter in one of 
the eyes of the common Cockchafer Beetle, and this number is some^ 

compound eyes; u„d i,i rare care, there are the only®™ 

andlcTo *^^'orax are the wings and legs (fig. 37 r s 

may d^fi/rLItraLS:? b thlnire^nd 're"'“t' " '“T 
beiug hard and horny and aerving a^ :Se“‘'or“"e;& t 

flight the wings are spread laterally but wLaan * *1- 

backwards over the body. Wings mav be md' turned 

ther. The onlv ffreat ord ^ ^ rudimentary or absent altoge- 

wings Is the Diptefa, (c/. fig. 388°) andT lh*’'°Ia^"’ 

instead of wings, a pairoffittle ipitate to‘dfe'“!|re^”b'‘b“‘*f“' 

nre replaced by r pfir of lS’r‘'l!”.u ^ wi"gs 

back of the Inaecl. con«a«lgTh?b- 4 

In the Orthoptera thS ImlT, *» g g ■ ''‘"P 

other pair over which thev llf^ ^ ”"“=**“<=0 from the 

wmcli they lie m repose, and are called Itgmina (e/. 


t 
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52, 53,59)- In the Order Hemiptera a portion only of the upper 
wings may be horny, the apical part and the lower wings being 
membranous (f/. fig. 294). There are other insects in which the wings 
exist in a more or less rudimentary condition and are never used 

for flight {cf. fig. 56). 

The other appendages of the thorax are the legs. The leg is 
divided into the following parts {cf. fig. 37 k to p.): coxa^ trochanter, 
femur, tibia, and tarsus ; each of the four first consists of a single 
joint only, while the tarsus has generally several joints. The coxa and 
trochanter are usually short, the coxa being the joint which joins the leg 
to the body, the femur and tibia long, the former being thicker than the 
latter ; at the lower end of the tibia there is generally a movable pair 
of spines (spurs). The tarsus in many insects consists of five joints 
or the number may be fewer, and we shall see later on that the 
Order Coleoptera is divided up into divisions by the number of 
tarsal joints present in the insects of the order. The tarsus usually 

bears at its tip two movable hooks, the claws. The legs are true 

locomotive organs; in walking the animal rests on the lower side of 
the tarsus, which is often hairy ; in the first pair of legs the foot is 
forwardly directed, in the last pairs backwardly. In many forms 
the legs or some of them have other functions save those of walking 
only. The first pair in the Cockchafer serve not only for 
walking, but also for digging ; in others the legs are so modified 
for use in a special way that they have lost their true function, 

i.e., that of walking. The first pair of legs in the male. Cricket,^ for 

instance, is only used for digging, the same pair in Water-scorpions 
for organs of prehension, the last pair in the Locust form a spnng- 
ing apparatus, whilst in Dytiscus it is used for swimming 

purposes. ^ * . . 

The other external organs of the body to be noticed ate a senes of 

apertures used for the admittance of air to the respiratory system 
placed along the sides of the body of the insect. They are usually 
quite visible in the larva, but more or less concealed in the perfect insect. 
They are called ‘’spiracles*’ or “stigmata (fig. 46)* They vary in 
size. The largest are to be found on the prothorax of a Cerambycid 

Beetle. 

The anal appendages have beeji already considered. 
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Internal Structures. 

Muscles.--ThQ muscular system of Insects is very extensive The 
Structure of the muscles docs not differ much from that of vertebrate 

animals. The force brought into play by the contractions of Insects' 
muscles IS very great. inscus 

3 . Digestive.~-T)^Q mouth in the biting insects leads into a mem- 
branous and often folded cavity {cj. fig. 44), termed the '‘crop" by 

mu«ular cavity or ghtard.” The gisrard is adaptedTLrhS ,h" 
rcc-d d iff"!,” “'-‘OP'O i" want It is 

stomach. This stomach consists of two parts, an upper wider poftion 

:^ariabLT„gtr^7h; c^o^rnce^lToft gulleT 

which are known as the " Malpighian tubes " fi, • ! ^ 

Malpighi, and which function likeMe kidLvs if hith 

6, CrWurmu._The circulation in “tectf t ttinlr -• a 
by a long contractile tube placed aloim 1 l J carried out 

“ Dorsal vessel or heart (fin J) >' 

tiaauM and organa of the body enterathe doraal veaael from h tf- T' 

L r*" ipXit "y"* 

or apiraclea, and branch repeatedly arthrv t^- 

the tiaauea. They have J ”7 atrucTre" ,77 *7“®'’ 

coijed aiament of chitin, .Sfa:e prolLrd7f .K 
««*« eahibfting the tLhtalTr tranaverae aeclion through tL 

t«b« prolongml tote tt wto^r *"'* «■' “ 

aomewhat modiSed*'coiM7”*t'“soots, though aometimes 

■“Oddied, oonatata of a ventral chain of double gm^lia, tra- 
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versed in front by the gullet. There is an enlarged cerebral ganglion 
in the head (fig. 45 c, n), The organs of sense are the eyes and 
antennae, which have been already described. The feelers or antennae 
are attached close to the eyes. They appear to be certainly organs 
of touch, but they may be connected u ith other senses as well, and 
especially with that of hearing, 

4. Excretory .—The Malpighian tubes (already mentioned) are 
delicate unbraiichcd, highly-coloured, white, yellow, brown, or green 
tubes opening into the intestine (lig. 45) ; they are usually only few 
in number, four to six, when they reach a considerable length; in the 
Hymenoptcra and seme of the Orthoptera, however, there is a much 
larger number of shorter tubes. These constitute the excretory 

apparatus. 

7. Reproduction .—The sexes in insects are distinct and most of 
them are oviparous. The reproductive and gut organs are distinct and 
open separately on the external surface. Generally speaking, the 
young insect is extremely different in external characters from the 
adult, and it requires, before reaching maturity, to pass through a 
series of changes which collectively cbnstitute what is called “ melanior- 
phosis.” In some insects, however, there is no metamorphosis, and in 
some the changes which take place are less complete than in others 
This (character is made use of in the classification of insects. The ? 
posse‘sses a pair of ovaries (fig. 45)- At times the posterior end of the 
abdomen of the ? is modified in some way to assist in depositing the 
eggs, e.g., the ovipositor of the locust consisting of complicated knife- 
like or dagger-shaped blades, or there may be a sting as in Hymen- 
optera (cf. fig*'96) on the last abdominal segments, which ^ 
thin and elongate; or the last few segments may be telescoped and 
serve in this capacity, as in Diptera and others. Ma“y species o 
insects are remarkable in that a large number of individuals remain 
sterile throughout life, and thus take no part in the propagation of the 
species; such insects are generally incompletely developed females as 
in Bees and Ants, or both males and females as in Termites (white- 

ants). The occurrence of such sterile individuals is associated with 

the fact that these insects live in colonies and are social. The care of 
the young is relegated to these sterile insects. 


s. 
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^menUry ^nal of a Beetle fCarabusJ, a, i^aophagus; rf, crop ; gizxard 
4 mde portion chjrlific rtomach; narrow portion of chylific stomach - ^ ma 
pighian tubes; / intestine; cloaca ; A, anal glanda (After Dufour). * * 

Diagrammatic Motion of an inBect: 1— 3 , xat to 3n 
c, cerebral ganglion; r, Htomachs; g; genital 

ri>, «alivary gland; malpighian-uwy. 

(Alter IfoaBj/ 

Idral transverM mtion of an insect; i, heart; 1 , intestine; *, ventral nerve-cord • 
A A stigmata leading into the branched tracheal tubes; w, ta, winjn ; n, coxa of lea * 
bt trochanter; c, femur; d, tibia; tarsus. (After Pachard). * ' 

Transrcrse mtion through the thorax of % beeUe (diagr,) : we, elytra; w, winga • 
^ body wall; a, coxa; b, trochanter; e, femur; d, tibia ; s, tanua; / claw. (Alter 

Dimoderus mwuims : a, larva; i, pup ; c, beetle* 

[to face page s8. 
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Exceptional Phenomena.^The following terms require explana¬ 
tion !— ^ 

Parthenogenesis (Lat. parthenos, a virgin ; and gignomai, to 

be born).—Means the production of new individuals from 

f®oiales by means of ova without the intervention of 
the male. 

Alternation of Generations. —^The alternation of a parthenoffenetic 
generation with a true sexual generation— 

Mimicry .—When an animal counterfeits the shape, colouring, 

etc., of another, whether for protective or other reasons, it is 
said to mimic it. 

Metamorphosis.— abrupt changes of form which certain 

animals undergo in passing from their younger to their fully 
grown condition. 


Metamorphosis may be complete or incomplete. Metamorphosis 
is said to be complete when the larva and the adult are entirely 
unlike one another and the larval stages exhibit, externally, no gradual 
approach to^ the adult form, and also—and this is the most important 
characteristic—that between the larval and adult stages a special period 
of probation intervenes, called the papal stage, during which the animal 
does not feed and is generally quiescent. During this stage the series 
of changes which turn the larva into a butterfly, beetle or other mature 
form take place, and this form issues generally by throwing off the 
pupal skin. The stage of larva, pupa, and imago passed through by the 
beetle Dinoderus minutus, the bamboo shot-borer, (shown in fig. 
48 a, b, c,) is an example of this. The larva, however, is com^ 
pletely different in form,' compound eyes replaced by a grounof or^-lli • 

short and consist of few joints; Lnth partf Zist of a 
iting apparatus, legs short, And with fewer joints and more uniform 

than in adult; wings absent; thorax stnall, abdomen laT^, nerv"« 
system, and food are also different. In incomplete metamorphosis, on 
the otherhand, the newly hatched larva differs chiefly from the adult 
or mago m that it is apterous, »>., wingless, as, for instance, in the case 
of the young of a locust. In other respects the differences are slight 
the number of joints of the antennm may be fewer, the head relatively 
arger t an in the adult, and so on. The transition from the first 
liirval stage to the adult occurs gradually; wing,- begin to appear. 
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small at first but increasing with each moult, until they are perfect 
after the last one. At the same lime the other portions of the body 
have attained their definite form {cf, fig. 49 a. b, c, d.) This can be 
easily traced In the case of the common Indian locusts and grasshoppers 
and in the field cricket Brachytrupes achestinus (fig. 49). In others, 
however, the changes in form are much greater, attributable to differences 
inhabits. These changes are well marked in the Dragon-flies which 
arc aquatic as larvae and terrestrial as adults: in the larvae of these 
forms the tracheal system is closed and they breathe by means of 
tracheal gills. In those tl»e ordinary oponinf; of the trache® is closed 
by a membranous appendage with a large surface and the larva obtains 
its oxygen from the water by endosmosis; in ihe adult, on the 
contrary, we have the usual tracheae ; at the last moment these special 
modifications disappear and with the fully developed wings growth 

ceases, 

Geological Although insects have been inhabitants of 

the earth for a very long period, the record of their former presence 
is as yet a very imperfect one. The remains of creatures that can 
be referred to the class Insecta have been found, it is said, in Silurian 
strata; only one or two of these very early forms are knowoi and they 
were winged. In the strata of the Carboniferous epoch numerous 
Insects have been detected, both in Europe and North America. In 
the more recent rocks insect remains become comparatively numer¬ 
ous, and in the Mesozoic strata forms that can be satisfactorily referred 
to existing orders have been found. From the evidence of the Ter¬ 
tiary Rocks, it is concluded that insects were more numerons in 
species at that time than at the present day. In these rocks the 
present day gall-making insects have been found numeronsly and their 
galls as well. It may be mentioned that fossil insects are chiefly de¬ 
termined from their wing remains, which are often surprisingly perfect 

CLASSinCATION. 

The greet groups of Insects are called Orders, and nine oI these are 
recognised here, although two of them will be little more than men¬ 
tioned. The classification of these orders depends on— 

(i) the nature and number of the wings present; 

(a) the form of the mouth parts, whether biting, sucking, or both; 
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(3) the nature of the metamorphosis, whether complete or io* 
complete 


2. 
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Orders. 

I. Aptera (a, without; pteron, a wing—wingless insects*). 

Mouth mandibulate (biting) or very imperfectly suctorial 

Metamorphosis incomplete. 

Orlhoptera {orthos, straight; pteron, a wing— straight¬ 
winged). Four winp are present, the front pair being 
coriaceous (leather-like), usually smaller than the other 
pair, which are of more delicate texture, and shut up in 

repose after the manner of a fan. Mouth mandibulate. 
Metamorphosis incomplete. 

Neuroptera {neuron, nerve; pleron, a wing-net-winged). 

Four wings of membranous consistency, frequently with 

much net-work in them; the front pair very little, if at all 

harder than the other pair; the latter with but little or no 

fan-hke action m closing. Mouth mandibulate. Meta 
morphosis complete. 

Hymenopterayiumen, membrane; pteron, a wing-joined 

winged). Four wings of membranous consistency the 

ti JJ h”*” «n... 

P ed also uith a tubular proboscis. Meta¬ 
morphosis complete. 

Coleoptera {koleos, sheath ; pteron, a wing-sheath-winged) 

formirr®"' V f ■■ consistency, and 

forming cases, which meet together over the back in an 

accurate line of union so as to entirely lose a wing-like 
^pear^ce, and to conceal the delicate membranous hind 
pair. Mouth mandibulate. Metamorphosis complete. 

6, Lepidoptera * {hpis, scale; pteron, a wing-scale-winged). 

Four large wings, covered with scales. Mouth suctorial. 
Metamorphosis' complete. 


4 


5 


• All wingless insects do net, faowerer, fall within the limits of this Order. 



A MANUAL or ELEMENTARY FOREST ZOOF-OGY. 


3 * 


7. Diptera (dis, doable; pteron, a wing—two-winged). Two 

membranous wings. Mouth suctorial, but varying greatly. 
Metamorphosis complete. 

8. Thysanoptera (tkusanos, fringed ; pteron, a wing—fringe- 

winged). Four very narrow fringed wings. Mouth im¬ 
perfectly suctorial. Metamorphosis incomplete. 

9. Hemiptera [hemi, half; pteron a wing— half-winged). Four 

wings; the front pair either leather-like with upper 
portion more membranous or entirely parchment-like or 
membranous. Mouth perfectly suctorial. Metamorphosis 

incomplete. 

It must be borne in mind that numerous exceptions exist to these 
characters in most of the great Orders; for instance, wingless forms 
are not by any means rare in several of the Orders. 

The next chapters will be devoted to a detailed description of these 

Orders. 
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Chapter IV. 

Order I.—Aptera. 

t>mall insects with a weak outer skin ; 3 pairs of legs, no wings, 
and long or moderately sized antennae. They are the most primitive 
forms of insects. The order includes the sub-order ThyscinuTci to 
which the common so-called fish-insect of India, a species of Lephma, 
belongs (fig. 50). Some of the Thysanura live under the bai'k of 
dried and decaying trees or in decaying wood. More rarely, as in 
the case of the fish-insect, they prefer warm and dry localities. The 
fish-insect is well known in India and perhaps comnnits most damage 
in libraries and to pictures, although it will feed upon all sorts of sub¬ 
stances. In the case of pictures the fish-insect feeds upon the 
saccharine material used in mounting the picture. Such should 
always be mixed with arsenic, or naphthaline powder should he dusted 
over the picture back. Book cases should be finely powdered 

with naphthaline to preserve the books, and record rooms could be 
With 3 .dvAntcigc Elwdys treated in this way. 


UHDER IL—ORTHOPTERA. 

Insects with mouth parts conspicuous, formed for biting, the four 
palpi very distinct, the lower lip longitudinally divided in the middle 
The upper wings of parchment-like consistence called “ tegmina »• in 
repose they are closed on the back of the insedt so as to protect it knd 
the lower wings (r/ figs. 52, 53, 59) ; the latter of more delicate con- 

sistency, large, and furnished with fandike nervures, intersected by 

smaller cross ones, joining together and forming a net-work in the 
wing (r/. fig. 55) ; they are generally covered over in repose by the 
upper wings. The mode of growth of each individual is a gradual 
ncrease of size, the wings being developed during the last mofts-U 

the metamorphosis is incomplete. Species in which the wings are 
absent or rudimentary are found in the order. 

the comparatively large size, and some of 

» prayiug-mantis, sticU-and-leaWnsects, grass- 

hoppers, locusts, and crickets. 6 


D 
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The insects often spend some time in the egg stage. The wines 

are never present when the larva is first hatched, but appear subst 

quently and increase m size at the moult; the form and proportion of 

the segments of the body, especially of the thorax, undergo much 

change; changes m colour occur at the moult and the integument 
becomes harder in the adult condition. 

Many of the Orthoptera do not possess wings fit for flight and 
flight appears to be of minor importance in the Order ; in many cases 
where the wings exist they are purely musical organs and are not of 
any use for flight. The front wings, which are hard and of parchment- 
hke consistency, are never used for flight. The musical powers of the 
Orthoptera arc confined to the Saltatorial group of the families ; the 
Cursoria are dumb or nearly so. In this latter series the wings have 
ittle value for flight and are simply used for purposes of adornment or 
concealment, especially in the Phasmidae and Mantida:. Here the upper 
wings frequently exhibit a great resemblance to vegetable structures, 
such as stems, leaves, etc., fig, g8) the veins and shape of the leaf 
being copied with remarkable accuracy in the upper wing of the insect. 
Contrary to the usual conditions in insects, the $ is often more 
remarkable than the ^ in colouring. The musical powers are, how¬ 
ever, always found jn the and serve doubtless for attracting the $. 

The eggs of the Orthoptera are deposited in capsules or cases 
(?/• 57 / »these capsules may contain only one egg or a great many. 

The species existing is now estimated at lo >oo, but this is probably 

far under the number, as the small tropicfM forms have never been 
properly collected. 

We shall treat the Order as comprising seven families!— 

'' I. Forficulidae (Earwigs).—Upper wings short, 
lower wings complexly folded; body armed 
at the extremity with a strong forceps. 

2. Blattidae (Cockroaches).—Coxs of the legs 

large, exserted, protecting the lower part of 
the body. 

3. Mantidse (Praying Insects).—Front legs very 
large, raptorial, armed with spines. 

4. Phasmidst (Stick Insects).—Mesothorax large 
as compared with the prothorax. 


Series Cursoria: 
hind legs but 
little different( 
from the others. 



Br^r^ytru,*, e, yov.g »uge, 

51 . P'trpeiUmip* , .. 

5f Ptri^UntU tmfrt^tno (common co- V roach). 

53 ilAf/M tp* 
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Series Saltatoria ; 
hind legs elon¬ 
gate, formed for/ 
leaping, their 
femora usually 
thickened. 


\ 


5- Acftdttdai (Locusts).—Antennas short, not 

setaceous, of not more than 30 joints; tarsi 
three-jointed. 

6. Loctisttdss (Grasshoppers).—Antennae long, 

setaceous, composed of a large number of 
joints; tarsi four-jointed. 

7. Gryllidee (Crickets).—Antennae very long, 
setaceous ; tarsi two- or three-jointed. Outer 
part of upper wing bent over and folded verti¬ 
cally against side of insects. 


Series .—C u rsor ia. 

Hind legs but little different from the others. 


Family I. —Forficulidse (Earwigs). 

These insects are distinguished by having a horizontal head and 
very short wing-covers, r.e., upper wings, which do not extend beyond 
the insertion of the hind legs and repose flat on the back, meeting 
together in a straight line along the middle. The lower wings, which 
are very large and ear-shaped, are folded beneath the upper, projecting 
at the lower end in small slips from beneath them (fig. 51). These 
small slips are often hardened to the same consistency as the upper 
ones. This formation of the wings is characteristic of the family when 
wings are present. The end of the body is furnished with a pair 
of large callipers.' 

. This family is not of great importance to tfie forester so far as is at present 
known as regards damage done by it in the forest. Some species may, however, 
prove of some service in preying upon noxious pests. Whilst visiting the sandal 
wood areas of Nort'u Coimbatore in Madras, it was noticed that a large grey 
earwig (fig. 51) was almost invariably present in the old galleries of a longicorn 
beetle which bores into the stems of saplings and tunnels down their centres. 
These tunnels were also used as a home by a species of white-ant, which was 
tunnelling through the wood of still living -trees. The earwig was probably 

predaceous upon the termites and their larvae. 

* 

Family W.—Blattidee (Cockroaches). 

Insects with the head deflexed and hidden from above in repose, 
the lower end being directed backwards. The coxx are vety lame 
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free, and entirely cover the under surfaces of the three thoracic segments 
and also the baise of the abdomen. The tegmina (cf. fig. 53 ) si'd wings 
are very variable and may be absent. The three pairs of legs resemble 
one another very closely. 

The cockroaches are amongst the oldest forms of insect life known. 
In the Carboniferous epoch they existed in considerable numbers and 
variety, and at the present day have much the same appearance. 
The group contains about 800 species divided into 10 genera. 


The head is bent vertically downwards so that the mouth is on the 
under part. There is a gap in the compound eye from which the 
base of the antenna springs. Antenn® are bristledike, long and flexi¬ 
ble, containing from 75*90 joints and are longer in S than in $. 
Their function is supposed to be that of smelling. Cockroaches have 
strong running legs with large femurs. The thorax has a movable 
division between the pro-and meso-thoracic segments. Tarsus is five- 
jointed and has a'soft pad between the claw. Fore wings partially 
overlap. The abdomen is Battened and differs in the two sexes. In 
i 10 segments are visible, whereas in the ? only 7 are visible, the 
8th and 9th being seen if the 7th is lifted up. From the sides of the 
loth segment spring the cerci, small, flat, compressed processes usually 
distinctly jointed, and present in both and ? . In the 9 in addi¬ 
tion there are two styles on either side of the cerci. The ^eggs are 
laid in a capsule formed inside the body of the female. This capsule 
is deposited in a suitable place and the young cockroaches hatch out. 

These insects are common in houses, in vessels employed in river 
and ocean traffic, etc. They may be often fpund in rotten stum^ 
in the forest, and many of these forest species would ap^ar to ^ 
wingless; a flat black species, is common in such localities in the 
North-East Himalayan forests and probably throughout the Hima¬ 
layas. As a family their food is of a very mixed nature.) 

PtrMoneta amtrieana (fig. 5*) ^ » cockroach of world-wlde distribution and is 
very common in Indian houses.* It is to be found in the warmer 
try throughout the yea r. Biatta sp. (fig. S 3 ) » ^“"<1 ** 

• This cockroach may be got rid of by prsparing a mwtufe of finely 

uowdeied chocolate and borax and dusting it into the corners of rooms end cieTiees. 

^ere the Insects hide. The mixture must be well made so that ’'“J 

chocolate, of which the insects are very fond, they will got a particle of the borax which 

le pei-onous to them. The mixture Is cheap and non-p lisonous to mne. 
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Family XW.^Manttdae (Praying Insects). 

The Mantidx are allied to the cockroaches, but differ in various 

respects. The body is, on the whole, more elongate, the prothorax 

being very long. The first pair of legs are prehensile with large 

coxae and strong femurs (thighs), each provided on the inner side with 

two rows of spines; the tibiae (shank) are also furnished with two inner 

rows of spines, and they can be folded back upon the femurs; witi 

these appendages the animal seizes its prey, which consists of other 

insects. The second and third pairs of legs are simple. In the 

peculiar position in which these creatures rest their fore legs are held 

up in the attitude of prayer whence they get the name of ‘ praying 

mantis.’ The ova are attached to plants in groups, surrounded by a 

yellowish or greenish exudation which hardens. These capsules are 

found plentifully in low jungle and grass areas. Fig. 54 shows an 

egg.capsule of the mantis Deiphobe '.ocellata attached to a twig, and 

fig. 55 a male of the same insect from Kulu. The eggs last decosited 
are said to hatch first. eposiied 


Many of the insects of this family mimic to a certain extent the 
^jects amongst which they live. A mantis of Eastern Bengal, called 
Gongylus gongyloides, has its under-surface resembling the pink 
corolla of a papilionaceous flower. It usually hangs head down¬ 
wards amongst green foliage simulating a flower, and insects fivin^^ 
to and settling upon it are seized fnd consumed. This inswt 
has been known to science for upwards of three centuries, and yet 
very little is known about the various stages of its life-history 
a CMC well illustrating the remarks already made upon this subject. * 
The Manitdx are not of forest importance, although they are 
common enough, and are often attracted to the lighted bungalow at 
night and may be watched stalking their prey or waiting motionless 
on the dining table or on the whitewashed walls. 


Family W.'^Phasmidae (Stick and Leaf Insects). 

The wings are rudimentary and legs very long. The prothorax 

Th *?*''°'^*^-*"** meso- and meta-thorax unusually long(c/. fig. 56). 
The PhMsmtdae are inhabitants of warm countries; they mimic drv 

sticks and leaves in a marvellous manner. Their eggs have a 
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remarkable resemblance to seeds of plants (fig. 57). They are 
dropped singly by the insect at random on the ground, being enclosed 
in a capsule. Fig. 57 shows the eggs of the stick Lonchodes 

virgenSt^n insect nearly 18 inches in length, living in Assam. 

Stick insects have the power of renewing a lost leg, the muti* 
lated limb being replaced by one as perfectly functional as the 
original* The right front leg in fig. 56 is a renewed one. The males 
and females often differ entirely in appearance. 

The genus Bacillus is wingless, the elongate body and long legs looking like 
a dry branched twig or piece of stick. This genus feeds upon foliage, at times 
doing very considerable defoliation in Australia. They are, however, very sensi¬ 
tive to cold, and frost will always put an end to them there. In Fiji and the 
Friendly Islands a species of Lopaphus eats the leaves of the cocoaniit, and at 
times causes such a scarcity of food that it becomes necessary to take measures to 
destroy it. Fig. 56shows an Indian species, BacilltiS ariemis^ from the Naga Hills. 

The genus PhylUnm occurs in the tropical regions of the Old World. A 
species of Phylliutn^ P, scythe, is the Indian leaf insect {cf, fig. 58), whose broad 
abdomen and upper wings are exactly like a leaf and the legs are flattened out 
and also resemble portions of leaves. It is an inhabitant of Eastern Bengal and 
Assami and the natives of the former locality hold the opinion that the insect is 
only a leaf, which developed as such originally and then took to 'walking* 

Series. — Saltatoria. 

Hind legs elongate^ formed for leaping, their femora usually thick- 

Family V.^Acridiidm (Locusts). 

The hind legs differ from the others by being more elongate and 
having their femora broader near the base {cf, fig. 59). Antenn« 

short and thick with less than 30 joints. No exserted ovipositor in $, 

Tarsi short with fliree distinct joints. The auditory organ is placed 
on the side of the upper part of the first abdominal segment. The 
large head is joined to the thorax in one piece, the joint being deflexed 
downwards at a sharp angle. Besides the t\Vo compound eyes there are 
three ocelli present. This family is remarkable owing to the presence 
of air-sacks in the interior of the insect in connection with the tracheae, 
and it is doubtless the possession of these that enables them to under¬ 
take the great flights they perform when migrating. The upper wings 
are pent roof-shaped. The chirping sound of locusts is produced by 
rubbing together the outer face of the upper wing, one of the veins in 


----Ss-1 

54. Egg^I»ule of the praying mantis {^Deipheht ceeHata') shown in Fig. 55 . 

66 . A Stick insect (^BaeiUus arlemis). 

Stick insectf ^onc^dts vstgins, 

68 . A Leaf insect (PAp/iium seytit). 

69. Aeridhmptregrmum, N..W. locust. 

®®> Female of N.-W. locust egg-laying. 

6 t. Egg mass of N.-W. locust. 

62. Young newly hatched locust. 

63. AerUium suetinoium. 


[to face page j8. 
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which IS prominent and possesses a sharp edge, and the inner face of 

the hind femur which bears a series of small bead-like prominences 

placed on the upper of the two lower ridges that run along the side 
that IS nearest to the body. 

This family includes the small locusts of the fields and the inipor- 
an migratory locusts of India and other parts of the v\orId. The 
tamily contains more species and individuals than any other Orthop¬ 
terous family and is a most important one, as they all feed on growing 

p ants. U includes what are perhapstwoofthemostdangerousin- 
sects ,n the world - the great North-West Locust {Acrid^um perieri^ 

num) of India (fig. 59), and the Migratory Locust of North America- 

insects which at times swarm in millions and clear the country they 

invade of every green thing; every leaf is stripped from the trees every 
a e o grass and crop eaten down, and when the area is utterly'brown 
and bare of green plant life, they move on to a fresh district. 

There are many species of Acridiid® in India, and many at 
different periods swarm and do damage. We will consider here the life- 
history of the great Indian Migratory Locust, Acridium peregrinum. 

The home of this locust is in the sandy deserts of Rajputana, Sind and 
I of the North-West or Baluchistan, from which it periodically invadpc rho 

ovipositor, as shown in 60 -female digs with her blade-like 
stuck together in aZ^ J,V ^ ‘'’ey are 

these eggs, and fifi- 60 a f». siccable substance, hig. 61 shows a mass of 

a month^^but two months or attlcMon ' 7' 

and march in serrLd cotmns i t rJt 

This stage lasts from one to t °devastation, 
shins at intervals. Thtr wh.sT insects moult their 

they proceed to devastte itr -^T"’^ districts, which 

these wanderings the insect, After a week or two spent in 

for this purpose!andv trJi^n Z commence egg-laying, choosing 

When tLTnrTc cultivated lands. 

changes to yello^ an^tt^T^P’"** but later it 

periodical, the averaire ^ 7 purple. The invasions of this insect are 

g number of years that elapses between them being 
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about eleven, but a longer interval may elapse* The insects may be said to 
spread down country in a series of waves. The first insects migrating from their 
sandy home penetrate into the east and south of the Punjab and lay eggs there 
As soon as they acquire wings the locusts hatching from these eggs proceed further 
east or south and after a few weeks lay eggs in the new tract invaded* In this 
way the invasion is carried right down through the country. At the end of the 
invasion the locusts return to the desert homes of their ancestors^ and in this they 
would appear to be guided by instinct since none of the returning generations have 
ever seen the desert tracts from which the invasion started. The last great attack 
occurred between the years i889-i893, whilst in 1901 the insect spread as far south 
as Ganjam in Madras and east to the Brahmaputra River. Whilst these great 
flights are present in a district, green foliage of every description suffers neavily 
and the bark is peeled off young saplings. Nurseries and young plantations 
thus suffer severely from this pest, whilst the soft earth .of the beds is used by the 


females for egg-laying.* 

In addition to the migratory locust proper, most of the provinces of India 
have one or two large local locusts, which particularly affect their own part of the 
country and produce the local swarms which on occasions do so much damage. 

* When fully developed swarms of locusts are seen near or in the forest, 

every effort should be made to mark down the places at which they alight. ^ If# after 
they have left, the surface of the soil is seen to be covered with" small holes, like holes 
made in soft earth by raindrops# eggs have been laid on that area, and these should be 
got rid of before they hatch out, or the young hoppers should be killed off as soon after 
hatching as possible and before they pack into columns. To do this the eggs may be 
either deg up and collected or ploughed in deep into the soil so as ‘j- 
H it has not been possible to destroy the eggs, the young hoppers should b* 
bT arming cooUes with branches, proceeding to the area where the young lo^_ 
JiS out and beating over the whole area. This must be done, 

UMU the foist or cultivation long dry trenches should be dug in the ^“e! 

*; es a of men standing upon the far edge of the t«ach and liUmg It np wi^ 
i as to bury the locusts As soon a. one trench is full the should be 

^ \ tn wheel in the direction of another. The earth on the top of the trenches 
.wld L w“l trodden to ensure all the locusts being killed. When, however, the 
f**” . have attained some size the trench is no longer of any use as they can easily hop 
LT^it U will be found at this period that when disturbed in the open the lo««U 
.• i the unrest cover, such as scrub jungle, and remain there. Hwps of branches 
* «r anv available material should therefore be made in the path of the locusts 

bli^aiisturbed proceed to this shelter. These heaps may then bejmnonnded 
who. on >>««« «»’*““ • P j lobseived advancing towards vJnaWe 

end .et on fire. When ^ yiW&gm should be turned out 

forest areas, p an . should be made to advance in a line towards the 

*'^'“b^;igTeir instruments. This will result in turning the swarm. Waving 
clothes In the air should also be tried as well. 
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Acridium succinctum (fig. 63) is the locust of the Bombay Presidency^ and breeds 
in the Gh^ts. It is also to be found in Western Bengal, and probably breeds in 
the Chota Nagpur hills. In the Nilgiri rangepf hills in Madras Acridium cerugino* 
sum^ Acridium 7nelan0carnet and Tryxalis nasuta have their home and are the 
locusts which at times swarm over the Presidency from that centre. Two species, 
Tryxalis nasuia^^ (fig, 64) and Oxya vetox, have been reported as attacking and 
injuring young chir {Pinus longifolia) and robinia seedlings in the Kangra 
Valley, Punjab. 

Enemies of Iocusis, ^Locusts are preyed upon by two dipterous parasites (both 
on A, peregrinum, one of which attacks the egg, the other the mature insect. In 
addition a Carabtd beetle (Calosoma orient ale ^ Hope) and the rosy pastor starling 
{Pastor Yosens) cause great havoc amongst the flights. 

Family VI. —Locustidst (Grasshoppers) .t 

These insects are generally known as the long-horned grasshoppers 
from the fact of their having very long bristle-like antennas. They 
are usually grass-green or brown in colour, and their bodies are flat¬ 
tened and more lightly built than the true locusts. The eyes are 
round, the legs slender, and tarsi four-jointed. Wings are roof-shaped. 
On the tibiae of each of the front legs there are two auditory organs, 
and the males make sounds by rubbing the basal portion of one upper 
wing, the under-side of which has a transversely ridged edge, over a 
corresponding portion of the other. The female possesses a long sabre¬ 
like exserted ovipositor. Fig. 65 shows a common long-horned Indian 
grasshopper named Cleandrus ligatus. The eggs are laid on the 
ground or on leaves, stems, etc. 

This family is of less importance than the true locusts. It contains 
the iosect known as Schizodactylus monstruosus, Brulli, a grass¬ 
hopper which can be at once recognised owing to the fact that the ends 
of its wings are curled up in a coil at the end of its body (fig. 66). It is 
known as “ bherwa in the indigo districts, where at times it commits 
dami^e by cutting off indigo, tobacco, and other crop plants with its 
enormous shear-like jaws. It is also plentiful in Assam and probably 
in the Madras Presidency. A pest of this kind can commit an in¬ 
calculable amount of harm in nurseries of young plants. 

i 

* See Departmental Notes on Insects which affect Forestry, No. t, pp. l•5. 

t It will be noted that the Locustidm are not locusts but grasshoppers, the true 
‘^lecusts" belonging to the Acridiidmx an unfortunate nomenclature which it would be 
Impossible now to change. 
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Family VW.^Gryllidcs (Crickets). 

I he Grylltdce are closely connected with Locus tidse. The 

antennae are long and slender and setaceous ; hind legs long and used 
for jumping purposes. The upper wings have the outside portion 
bent down on to the side of the body, whilst the inner portion lies 
horizontally on the dorsal surface as shown in the fuliy developed 
insect in tig. 49. The tarsi are usually three-jointed. The female 
has a long ovipositor. Wingless forms are numerous. The musical 
and auditory organs are situated in the same position as in Locustidsc* 
The Gryllidoc differ from these latter in the 3-jointed tarsi and posi¬ 
tion of the upper wings in repose. The body is thick and cylindrical, 
and the eggs are glued together and laid in holes in the ground. 
Fig. 67 shows the black field-cricket which is very common round 
Bombay and other parts. 

This family contains some injurious pests of which two more 
especially harmful will be mentioned. 

The Mole Cricket {Gryllotalpa vulgaris) is a large insect, which has the front 
Uf€*h^«tory of the Mole Cricket, legs thickened for digging purposes, and has 
GryituAifatui^arn, prothorax enormously enlarged, resembling 

the carapace of a lobster, and there is no ovipositor present. The fore legs have 
a very short and thick femur and tibia, and the tibia is prolonged into a series of 
four points and is concave on the outside. The B rst two joints of the tarsus are 
prolonged into teeth. The fore wings are very short and oval and the hind 
wings are rolled up upon themselves like a rolled-up umbrella and extend back in 
two points (sec ng. 68). This insect is dangerous, as it burrows underground 
in grass lands, gardens, and nurseries, destroying the roots of plants in its opera¬ 
tions. 

The second injurious species which has proved itself a pest in India is a 
cricket named Brackytrupes achmtinuSi which has a very wide distribution. This 
is a large thick-set insect, smoky brown above, yellowish beneath and at the sides; 
the tibiae of the hind legs have four stout spines on each. Length i|-2 inches. 
Fig. 49 3# b, c, d shows the larvae and adult of this pest. The life-history of this 
insect has been partially worked out in the Chittagong Hill Tracts. 

Larvae about half grown were found in April voraciously feeding upon young 

Life.W.torj rf Brtchjtrut,, ach^ii. rubber (Ficus etastica) seedlings in nursery beds 
nus. into which the young plants had been trans¬ 

planted from the pots in which they had been raised from seed. It was not 
until some 40 per cent, of the seedlings had been killed off that the aggressor was 
marked down in the holes in which it lives. These are constructed in soft sandy 
situations, the tunnel starting at an angle to the surface level and running in a 
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Long-homed grasshopper (C&mdrus ligatus). 
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be1n« diameter of the tunnel 

bZnlZ V " u "■ ^ ‘Chamber. A 

feedTcI ieflv a! nitlu n T’a""" 

eeds chieflj at n.ght, spending the day in its burrow, into which it drags some 
of Its food plant to consume at leisure. Soft soil is chosen to dig the Lies in 

LLh H n K preferred, but any soft spots in the neigh- 

oLober n 7 tr They then cease until 

th«e is no oL !L"’ during the heaviest of the rains, though 

p pa stage proper. In October the damage in the nursery rerom 

-v 2‘JL*' t. ™'”" 3.;ip and 

for a mon(h^ I -J '"3 *1 voracously, and cnnlinue to do so 

oeSsinsoltpatcteTS; 

Useful Orthoptera, 

smaronr'‘'"Tr be of use to the forester is a 

extent ^ 

extent in that they destroy insects of all kinds, and in their larval 

tages in some cases they probably feed largely upon As I 

are orobaHv ^orficulid^ t 

larva? f since many are undoubtedly predaceous upon 

y small snails, etc., which live upon plants. 


to kill off the eggf by exposL them P’‘>“g»’«d or hoed up as 

the insects -ch hole and kill 

each hole will cause theL^Le!s 7 ^ T ^ ^ 

found ,0 be a cheap l„d eE ^ ull met'h 7 T T " 

v/ill do an immense amount of injury. Beinp* a laro-P.Kn r /i t. ' eft alone, 
Jong, it is capable of consumino-r* ve ^ odied insect, some 2 | inches 

This cricket has been f 

A,«m. and in addition trELterLlnL'T"T’ 't 

r'^jL, , tern Bengal has also been reported as attaf-Irlner fA-tiw * 

the G^h.^ nursery in the Panch Mahals District, Bombay ^ ^ 

t Bee Jjenov^fm^An^.d.i __ * '• ^ 


4. c- r> . - Liisinct, Bombay. 

t See Departmental Notes on Insects which affect Forestry, No. 
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Chapter V. 

Order III.— Neuroptbra. 

Imago with a biting mouth ; with two pairs of wings, the upper as 

well as the lower membranous, usually with extensive veins consisting 

of elongate nervures with cross ones, the whole forming a net-work. 

Wingless forms are present. The metamorphosis is incomplete. 

Fig. 69 shows a common dragon-fly, an example of this Order. 

The Neuroptera comprise a comparatively small number of insects, 

the Order including the termites (white-ants)i dragon-flies, stone-flies. 

May-flies, caddis-flies, lace-wings, ant-lions, etc., and the wingless 
bird-lice. 

With the exception of the termites the insects of this Order are 
not of great importance. For our purpose we shall consider seven 
families, six of which we shall do little more than glance at. 

Family h—Mallophaga (Bird-Lice). 

These are flat, wingless insects furnished with a large head j 
thorax is usually of two, rarely of one or three, segments} the pro- 
thorax always distinct j hind body consists of 8 to 10 segments in addi¬ 
tion to the two anterior thoracic segments. The whole of - the insects 
of this family live a. parasitic life, creeping about on those parts that 
are near the skin, e.g., the feathers or hair of birds and mammals. 

They rarely come near the surface so that they are not detected on a 

superficial examination. The legs are specially adapted for climbing 

amongst hairs and feathers, as the last joint of the foot is hook- 

shaped and can be bent back against the preceding joint; a hair can 

thus be held fast between the two joints. The eggs are fastened by 

the mother louse to the hairs, etc., of the host. These insects either 
suck the blood of the host or eat the fur or feathers. Lice multiply 

very rapidly on the bodies of human beings and animals when insuffi¬ 
ciently clewsed, and consequently they are commoner on sick and ill- 
nourished individuals than on healthy and well-nourished ones. 

Fig. 70 shows the dog louse, Triehodettus latus, having one 
claw to the foot and, 71, the common fowl-louse, Menopon pallidum, 
with two claws to the foot, as is usual in bird-lice (both magnified). 
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Family ll. — Termitidss (Termites, White-ant). 

This family of insects live in colonies, similar to the method of life 
of the ants and bees. The Termitidae have no characters in common 
with these latter, however, save this one of living in colonies. The term 
white-ant,’ although the popular name, is misleading as these insects 

have nothing in common with ordinary ants, to which they are quite 
dissimilar in structure. 

Each species is social, and consists of winged and wingless indivi¬ 
duals. Wingless individuals are very numerous and have the head and 
thirteen i)ody segments distinct; the body is terminated by a pair of 
short cerci. 

The integument is delicate and the chitin plates are never very 
hard. The head is exserted, frequently of large size and sometimes as 
large as all of the rest of the body together. Termites may be quite 
blind or possess simple and compound eyes. Antennae are raoniliform 
and short, and the legs are like one another. The wings are unlike those 
of any other insects. The four wings are, in repose, laid flat on the 
back, so that the upper one only is seen except at the bases; they are 
membranous and very long so that they extend far beyond the extremity 
of the body; the hind pair is similar in size and consistency to the 
front pair ; their neuration is very simple, consisting of two longitudi¬ 
nal nervures enclosing a space like a mid-rib between them, smaller 
nervures taking off from this on either side; the wing thus rather 
resembles a feather of a bird or a much-veined leaflet. The most 
remarkable part about them, however, is that near the base' of each 
wing there is a suture or line of weakness, along which the wings can 
be broken off, the stumps remaining as short, horny flaps on the back* 
The wings are used for only a single flight and are then shed break¬ 
ing off at this suture. 

The life-history of the Indian Termite, Termes tnprobaneSf is com¬ 
monly as follows:— 

Termites live in communities consisting of an enormous number of individuals. 

LUc-hutorr of the Termite or The adult forms found in a community are(i) 

• wUi^aat * iT*rmgisapr»baiut). workers, (2) soldiers, (3) winged males and females, 

(4) some of these winged forms which have lost their wings (fig. 72, a, b, c, d): In 
addition, there are the young larva. The winged king and queen are only present 
in the nest for a few days. The individuals which have lost their wings are usually 
limited to one pair, the king and queen. These latter two may be recognised by 
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72. The Ccmmoii'• WWw^nv " hr Termite (r#r mm tafrUatui). «, worker; », noldier ; 

i% lerva of winged form j d^ young queen; t, female or queen with iwollen'up body 
full of c£g«. ^ 

73. Ruuhdiiry po«t from t fomt boundtry line in Burma showing the manner in which 

termhoi deiir<^ woodi 

74. Young rubber plant dcatroyed by terroitca. The whole of the bark and portion of the 

Mpowood has been eaten a«ay. 
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are to be seen as small appendages on the 

.u I,' ^ the thorax. The continuance of the nest is effected entirelv hu 

■h. kms and <i„enn. They are generally incapable of ic«SeT« L ' 

and killing the king and queen is a quite untenable one When h^s is'T"^ 

when anything happens to these latter, the termites le t in ^he nl • T’ 
about preparing a substitute royal couple. 

marSiblef'^^h distinguished by their very large heads and powerful 

fhe \j 1 'f guard the colony against enemies. The workers hnilH 

the nest and look after the young larv*. For their nests they const uct m^ 

of d.fferent shapes and sizes, these being sometimes several feet hich whh T 
spondmg depth of ramifying galleries in the earth below the mound slh '°’'T 

of on t-^1 throughout the warmer parts of India. They areZmS 

particles of earth worked up into a material which dries as hard ac 

IdTeJ^TK *"‘«dor of trees, the wood beinglawed 

and replaced by mud; beams and woou.n floors of house etc are j ^ 

m this way. The males and females are produced in enoVmousTumher 

often be seen at the commencement of and during the rains issuing in grey'd'”7 

flights never fail to attract all the kites, crows, minas and Xr 

birds in the neighbourhood, who stuff themselves to repletion with the 

so easily obtainable. After this nuptial flight and their rl. n IZi ‘ h' 

termites which escape their numerous enemies in the air tear nff 

and pair, if the pairing has not been gone through in the* air. THa 

insects then endeavour to find their way back to ihc oriffina! nest anH f 

the greater proportion either being killed off or dving in the attemot ^“cceed, 

the survival of thefew that, in all p^robability, such'en"o;mlut nlbe^s of 

swe up by a distension of the membrane between the chitinous\lates ifn7i? 

!he “ !rrT f’^ad and thorax at 

J.JLf.V'^.Ldc^bte^riLT' “-‘"“-s pe. 

Termites usually never expose themselves to davlieht fexeenp ph<. v 
move about ,n. When attacking a structure, such as a post, the insSsTll! 

serious accidents roof. >“<15 to 

idcnis. roofs or heavy beams, etc., apparently sound, falling in without 
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a moment’s warning owing to their supports having been entirely undermined un¬ 
seen by this pest. In the forest large branches of trees may be seen occasionally 
falling in this way, and examination shows that the apparently sounds though 
dead, woody branch is but a mass of earth enclosed by the outer shell of 
rough bark ; the whole of the interior has been removed and replaced by'mud. every 
particle of which has been taken up the tree by earthen galleries running up, if the 
tree is still alive and healthy, on the outside of the bark. Fig. 73 shows the manner 
in which wood is riddled by these insects. 

Termites have also been reported as attacking seedlings of various species, of 

trees, eating off the bark and thus killing the plants. An example of the 
damage they are capable of committing in this way is shown in Fig. 74 which 
represents 3 young rubber plant 5 feet in height from the Lachiwala Nursery, 
Dehra Dun. The lower part of the stem had been covered with earth and the 
bark beneath entirely eaten off round two-thirds of the circumference of the 
stem, the woody interior being also badly riddled. Several of the plants were 

killed in this attack.* _ 

Termes (Coptoiermes) Gesitoi shown in fig. 75 . h, c has been reported as 

attacking Para rubber in the Mergui rubber plantations. It attacks the crown of 

the root of the trees and makes its nest there, often killing the tree. Fig. 76 shows 

a portion of a crown of a root attacked in this manner. 


Family lll.—Psocidx (Book-Lice, Death Watches), 

Minute insects with slender thread-like antennae consisting of from 

11-25 joints. Prothorax is very small and concealed between the 

head and the meso-thorax. Four delicate membranous wings are 

present, the upper pair being the larger. 

_ ^ 

• Prevention. —\n countries where termites are common wooden beams and supports 
of houses should be constantly and carefully inspected and tested to see that they are 

not being hollowed out or undermined by the pest. Wooden posts used as supports to 

wooden bungalows in the forest should be thickly tarred on the ends placed in the 
ground, and once a year these ends should be exposed by removing the soil and fresh tar 

laid on,’ a small pool of.tar being formed round the end in contact with the soil. The 

wooden parts above soil thould be inspected, and all mud galleries running up them be 

brushed off, as the termites will give up the attack once they are exposed to light. 

mtf<i*Vs,~When '* white-ants ** are troublesome in bungalows or nurserieSi careiui 

search should be made for their nests, the earthen galleries, under which the insecU are 
doine the damage, being traced back to the point they emanate from. The nest having 
been found, all save one or two large openings should be closed and some 

carbon bisulphide be poshed Into the unclosed openings and these be then clwed. Ihe 

fames wiH sink down through the nest and entirely exterminate the colony. Cam ««at 
be taken to (i) clo« ail the openings, and (a) not to breathe the vapours given off by the 

esLfhon bi snip hide* 




76* The H«v«a rubber termite {Termes Gesiroi), a, worker; A, Boldier. 

76. Section of the crown of a root of a Hevea rubber tree ahowing the galleries made by 
the termites. 

[to face page 4 B 
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The small insects found amongst dust and books belong here. 
Their food is starch or dry animal and vegetable matters, and this is 
what leads them to attack the bindings, plates, and pages of books. 
A small psocid, Psocus? sp. (fig. 77), is extremely plentiful on the 
leaves of the s&l {Shorea robusta) tree in the Dun forests during the 
latter part of February. Small brown patches of rotten tissue appear 
on the leaves, but whether these are due to the insect or whether the 
insect is merely feeding upon a fungus which is causing the 
discolouration has yet to be determined. The insect is a minute 
yellow one, both larvae without wings and winged individuals being 
present. The family has at present only been reported as feeding 
upon rusts, fungi, vegetable refuse, etc. 


Family W.—Odonata [Libellulidx^ (Dragon-flies). 

Elongate insects with a very mobile head and large eyes, strong man¬ 
dibles, a broad lip and small inconspicuous antennae ending in a 
bristle j four elongate wings equal in size and similar in texture. 
All the legs are placed more anteriorly than the wings. The 
abdomen is elongate, being very much narrower than the thorax. 

The attachment of the head to the thorax is such that it is 
possible for the insect to move it round with great ease. The eyes 
are often enormous and occupy the greater part of the head. There 
are three ocelli. The earlier stages of the life are spent in water, 
the larvae breathing by means of tracheal gills. Metamorphosis is 

When nursery or roadside trees are subject to attack they should be painted for 
several feet up from the base with the mixture known as ‘Gondal Fluid.’ This, fluid is 
prepared as follows part gum (this is the resin of Gardenia gummifera) 

3 parts of asaf cetida (A/; 2 parts bazar aloes (gugut^ \ a parts castor oil; pound 
these materials together and thoroughly mix; when the mixture is decomposed into 
a thickened compound add water till it is the consistency of paint; some colouring 
matter I such as red or yellow ochre, should be added in order to render the material 
visible when painted on the trees. Paint on the trees in a continuous band of 2-3 feet high 
starting from the soil level and taking care to paint all interstices of the bark. All 
earthen galleries must be removed before painting the stem. This mixture has been 
used with good effect and is cheap. 

In houses tar well all stone, earthen, or wooden floors, both round the edges and up 

the walls for a few inches and in the centre, before laying down mats, carpets, etc, 

This should be renewed at intervals, depending upon the abundance of the pest in the 
neighbourhood. 
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incomplete, but there is a great change in the appearance of the insect 
at the last moult. 

The family is carnivorous and the mature insect catches its prey 
on the wing. The eggs are deposited either in water or on the stem 
of vorne aquatic plant. The young on hatching have no wings and 
are quite unlike the mature insect. The wings begin to appear at the 
*ourth moult. Just before the last moult the larva climbs up the stem 
of an aquatic plant and fixes itself at the point where the stem leaves 
the water. It then moults, the skin splitting down anteriorly, and the 
wing-^d insect crawls out and up the stem where it remains for a time 
to allow the wings to harden. The family is unimportant economically. 
Fig, 69 shows a large dragon-fly, Tettnus rapax^ common in 
Calcutta, and Fig. 78 a graceful emerald green-bodied onej Neurobosts 
chinensis^ the lower wings of which are coloured emerald green, 
<^hading off into brown-. 

Family V .—Ephemeridss (May-flies). 

Delicate insects with short antennae ; four membranous wings, the 
hinder pair smaller than the others ; the body terminated by two or 
three very elongate slender tails. The earlier stages are passed in 
water, the larva differing greatly from the adult. Fig. 79 shows an 
enlarged aquatic larva of this family, and 80 a May-fly {Ephemera 
remensa). The May-flies are not of economic importance. 

Family VI .—Hemerobiidae (Ant-lions, Lace-winged flies^ etc.). 

Insects with a vertical head; maxillae free, viith five-jointed palpi; 
the labial palpi three-jointed. Wings equal in size and highly net- 
veined. Tarsus five-jointed. The metamorphosis here is exceptional, 
it being almost complete. The larvae have mandibles and maxillae 
forming spear-like organs, which are also used for sucking. The 
insects have in fact a suctorial mouth in the earlier stages of their 
life-history and a biting one in the adult. This is unusual and the 
reverse of what occurs in the Lepidoptera and other big Orders. 
The pupa has the general form of the imago, and is enclosed in a 
cocoon. These insects live on land in all the stages of their existence. 

In the Myrmeleonides (ant-lions the antennae are short, clubbed 
and the apical spaces of the long wings contain regular oblong cellules 
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\ti them. The larvae are small, dull coloured, with very large shear-like 
mandibles and a flat oval body. Fig. 8i a, shows the larvae and fig. 
8| b, the imago of the ant-lion common round Dehra, These insects 
arr interesting owing to the fact that the remarkable habits of the larvae 
have been known to naturalists for over two centuries. The larvae 
are predaceous and feture their prey by means of inverted cone-shaped 
pit-falls, which they excavate in sandy places and at the bottom of 
which they bury themselves, leaving only their elongate jaws pro¬ 
jecting out of the sand at the bottom of the pit. 7 he latter being 
constructed in dry loose sand, an insect running along the ground 
and reaching the edge slips on the moving sand and falls to the bottom 
of the pit, to be impaled on the sharp mandibles of the larva, vvho then 
sucks out its juices. Even should the insect not be impaled upon the 
mandibles, the ant-lion larva will secure it before it has managed 
to escape up the shelving slipping sides of the pit. These insects arc 

common in many parts of India, more especially in dry sandy river¬ 
beds, etc. 

The Ckrysopides (lace-wing flics) are fragile insects with elongate 
bristle-like antennae. They have metallic red-coloured eyes, by which 
they can be recognised. They are of no importance to the forester 
so far as present observation has shown. 


Family VII ,—Phryganeidw (Caddis-flies). 

The wings are more or less clothed with hair, the hind ones being 
larger than the front, and are held in a roof-shaped manner over the 
body when at rest. Antenna are thread-like, mandibles are absent. 
The metamorphosis is nearly complete. The larvae are caterpillar-Uke, 
usually inhabiting cases of their own construction. The pupa resem¬ 
bles the perfect insect • 

These insects have the appearance of small black moths {Lepidop^ 

ters) and arc to be found in the neighbourhood of water, in which the 
larval stage is passed. 


Useful Neuroptera. 

The Order cannot be said to contain many insects of use to the 
foiester. The dragon-fly, in its adult condition, and the ant-lion larra 

I 2 
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are both carnivorous, preying upon insects, and both probably do a 
certain amount of good by catching and feeding upon noxious insect 
pests. It is not improbable, however, that they also in this nay kill of! 
u.seful insects. The dragon-fly catches its prey entirely upon the 
wing. 
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Chapter VI. 

Order IV.— Hymenoptera. 

Wings four, membranous, without scales, usually transparent, 
never very large, the posterior pair smaller than the anterior j the cells 
formed by the nervures irregular in size and form, and never very 
numerous (less than twenty on the front, than fifteen on the hind 
wing). Mandibles conspicuous, even when the other parts of the 
mouth form a proboscis or sucking tube. The females are furnished 
at the extremity of the body with either saw, sting, or ovipositor ; 
these parts may be either withdrawn into the body or be permanently 
protruded. Metamorphosis is complete. In the pupal stage the 
parts of the perfect insect are seen nearly free, each covered in a 
very delicate skin. 

The Order Hytnenoptefct includes the wood*wasps, saw-flies, gall 
flies, chalcid flies, ichneumon flies, and also the families of beesi 
wasps, and ants. It is a very large Order of which a very large 
number of species remain to be discovered and described, and this is 
especially the case in India. 

The head is short and broad, and deeply constricted off from the 
protborax, never sunk into it; sometimes it is situated on the stalk¬ 
like process of the prothorax. The mandibles are powerful biting 
organs. When the proboscis is present, the “ tongue,” which is 
formed by the joined ligulae, is elongate and gutter-like ventrally and 
is surrounded by a tube formed of the long flattened labial palps and 
blades of the first maxillae {s^e fig. 104) ;,by means of the tongue and 
its sheath sweet liquids are sucked up into the mouth. The pro¬ 
thorax is but feebly developed, the dorsal is separated from the ventral 
portion, and is firmly fused on to the meso-thorax, whilst the latter 
(with the first pair of legs) is movable. Meso-thorax and metathorax 
are usually immovably united, but in the saw-flies and wood-wasps 
they are freely movable. The legs are characterised by the size of 
the coxae; the trochanter is often divided into two joints {pf. fig. 82) (in 
the Tenthredinidae, Uroceridae, Cynipidae, and Ichneumonidae) ; the 
tarsus is five-jointed, and the first joint is longer than the following. 
The upper and lower wings aue connected by a tow of ^all hooks on 
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the anterior edge of the hind wing, which fasten into the curved hinder 
edge of the front one ; thus during flight the two wings on one side 
act as one piece {see fig. 83 A-C). At the base of the front wing there 
IS a projecting scale which covers the base of the hind wing. In 
all the Hymenoptera the first abdominal segment is immovably 
united with the metathorax, and in the majority (/>,, in all but the 
families Tenthredinidae and Uroceridae) there is a deep constriction 
betw een this and the following abdominal segments ; the abdomen is thus 
said to be stalked [cf, figs. 94b and 112, but it must not be forgotten 
that the constriction occurs not between the last segment of the thorax 
and the first segment of the abdomen, but in the abdomen itself; 
the segments following the constriction are usually narrower than the 
first. The eggs when being laid pass through the hollow stabbing or 
boring apparatus at the end of the body of the female {cf. fig. g6) ; 
in miny cases a prick or cut is made in an animal or plant for the 
reception of the egg. This apparatus may also act as a sting. The 
larvae are usually whitish blind grubs {cf. figs. 84a, 85a) ; only in the 
Tenthredinidae and Uroceridae do they resemble the caterpillars of 

the Uepidoptera {cf. fig. 87 and figs. 242a, 244)* The larvae generally 
form cocoons to pupate in (fig. 88 b). 

Both parthenogenesis and alternation of generations occur in this 
Order, both frequently occurring in the Cynipidae. 

From a forester's point of view the Order may be sharply separ¬ 
ated off into three distinct divisions ;_ 

(«) Those insects doing direct injury to the forest, e.g., Sirex, 

etc. 

( 3 ) Those insects of direct benefit to man owing to their 

parMitic habits, e.g., Ichneumonidae, Chalcidse, etc. 

(c) Those insects of direct benefit to man owing to their 

economic importance as, e.g., Bees— 

(i) owing to the fact that they furnish honey and wax ; 

(ii) play an important part in the economy of nature 

by fertilising flowers and thus ensuring the 
fructification of the plant. 

The Order consists of two very distinct sub-orders dependent upon 
the manner in which the abdomen is joined on to the thorax, vie. — 

(i) Hymenoptera Sessiliventres.—A.wwcX.'o with the abdomen 
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broad at the base (fig, 85 c), its first segment not 
completely joined to the metathorax. 

(2) Hymenoptera Petiolala.~T\.^ abdomen connected with 

what appears to be the thorax by a slender joint forming 

a marhed constriction between the apparent thorax and 

a omen [pf. figs, 94 b and 112), the posterior part of 

the apparent thorax consisting of the first abdominal 
segment. 

I.—Hymenoptera Sessiliventres. 

■ « not stalked, but is nea.-ly eontinuous in outline 

wuh the thorax. Trochanters divided into .wo portions. The saws 
or boring apparatus of 9 are concealed or only just visible. Larva has 
three pairs of thoracic legs and often numerous abdominal legs which 
have no hooks. Food is vegetable, some feed in galls on plants, some 
on wigs, others on the hard wood of trees and shrubs. The majority 
however, live on the leaves of plants. Those which feed on wood 
resemble Coleopterous larvae in appearance, and those which live on 
leaves resemble Lepidopterous leaf-feeding larv«. 

We shall consider here three families. 

Family l.—Cepkida (Stem Saw>flies). 

Slender insects with a weak integument and slender antennae. 
The female bears a saw at the end of her body. Larvae live on the 
stems of plants or on the tender shoots of trees and shrubs. 

Little is known about these insects in India. One, however, Cephus f sp,, has 

Uf«4)Utoi7 of CfpStij / ip, been found living at the bases of the young 
. , spring needles of the deodar. The needles 

awelop on the branches In small rosettes (fig. 84c) and if these be examined when 

a tacked by this small insect they will be seen to have swollen up at their 
aws in such a manner that the needles coalesce at the bottom. A closer cx- 
^ination shows that the swelling is convex on the outside and concave on 
the inner one, and in this small concave elliptical depression t84d) a tiny orange 
grub will be found (fig. 84 a). The irritation set up by its feeding operations 

swelling at the base of the needle. From four to six weeks are spent 
*thge of its existence; the pupal stage is a short one, and about the 

^^ ^Jhne and b^inning of July the tiny little brilliant metallic blue flies 
ttMDb^^binch in length, issue. The attacked rosettes turn yellow and dry up, 

* amount of defoliation being accomplished in this way. 
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Family W.Sii'tcidas or Uroceridm (Wood-wasps)* 

Large insects of bright conspicuous colours, the female being 
provided at the extremity of the body with an elongate, cylindrical 
boring instrument. Antennae filiform and elongate ; the prothorax is 
joined to the meso-thorax, being perpendicular in front; the abdomen 
has 8 dorsal plates, and the front tibia has a spur; the anal lobe of the 
posterior wing is large. The larvae live in wood, in which they gnaw 
long winding passages; they are blind, whitish grubs with three 
pairs of short thoracic legs, but have no abdominal legs, only slight 
protuberances being present, The pupa is naked, it is not 
enclosed in any cocoon. Fig. 85 a-d sfiows the larvai pupa, and 
imago (<J, ? ) of the large Himalayan wood-wasp Sirex imperialism 
Until recently the habits of the Indian Forest Siricidos were 
unknown. The life^history of Sirex imperialism the Himalayan or 
spruce wood-wasp, a magnificent insect not unlike the well-known 
and oft-quoted Sirex gigas of Europe, has been partially worked out 


Llfe-hlttoiy of Sirex impiTtalit» 


and will be described shortly here.^ 

Sirex imperialts is a large handsome insect, the general cplouring of the male 

being a deep metallic blue-green, and rich 
chestnut, the wings having a coppery sheen on 
them. The female is a deep metallic green on its upper surface (figs. 8 $, c, d). 
The grub is stout, thick, canary yellow in colour, and about inches in length. 
The pupa is unenclosed in any cocoon, being pale yellow in colour (figs* 84^ a, b). 
The female lays her eggs in the wood of dead sprucc^ Picea Mannda, Link, in 
the North-West Himalayas (6,500 to 8,000 feet), drilling holes into the tree by 
means of the augur and drilling apparatus at the end of her body.^ The larvae on 
hatching out bore winding galleries in,the wood, these galleries having no apparent 
definite direction. The grubs evidently spend more than a year thus tunnelling in 
wood, larvae of various sizes being obtainable at any time. The larval tunnels, 
which are several inches in length, are tightly packed with the wood sawdust 
passed through the body of the boring grubs. When full fed the larvae change 
to pupze at the end of their tunnels with no special preparation, and the pupa is 
thus found lying naked at the end of the boring, occupying the only free space 
unblocked with wood refuse in it The larvae pupate about June, and fully de¬ 
veloped imagoes emerge in July. When ready to leave the tree the mature sirex 
bores its way out by a circular boring, an eighth of an inch in diameter, drilled in 
the wood by means of its powerful mandibles, and it invariably chooses the 


• For a fuller account see * Departmental Notes on Insects that afieet Forestiy,* 

Vol. 1, p. i5l( and plate VIII. 
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shortest route to the outside, the gallery having, however, usually a slight upward 
direction.* Fig. 86 shows a block of spruce wood exhibit! ng the tunnels made by 
the grubs, most of the borings being blocked with the compressed wood excreta. 

This insect is capable of doing the most serious injury to timber, as the 
winding galleries of the larva and the exit holes of the mature insect riddle the 
wood and make it useless for anything save firewood. Further study of the habits 
of this insect may show that it attacks other coniferous trees. 

Other, as yet undescribed, species of this genus have also been recently found 

boring into spruce in a manner similar to the sirex. They are not unlike the 
latter, but are smaller and blackish in colour. 

The larva of a species of sirex has been found boring into .sandal wood in the 
Coimbatore Hills in Madras, but little is known about its life-history at present. 


Family III .—Tenthredinidce (Saw-flies^. 

The perfect insects have a superficial resemblance to a lar^e blue 
bottle fly, but can be distinguished by having four wings instead 
of two; the prothorax is small and fits closely to the meso-thorax; 
there are no spurs, hut two spines on the front tibiae of the legs. The 
larvaj are very like caterpillars, having three pairs of thoracic legs 
and SIX to eight pairs of abdominal ones; in this they differ from 
epidopterous caterpillars, which never have more than five pairs of 

a ominal legs. Saw-fly larvae feed exposed on the leaves of plants 
in the same way as caterpillars, or they may live in galls, etc. 

This IS an important family, but little is known about its members 
in India, and practically nothing about their habits. 


Recently, thme species, as yet unnamed, have been found feeding uoon 

th“ deTar'Tse^ond Ih Of these one^nSts 

the aeodar, a ^ond the spruce, and the third the silver fir. Observations mad- 

““P «' "iX "iTht 

trees, pupating some time in July. The larvae are bright green in colour and 
a ut an inch or a little over in length. When feeding they take up a very 

characteristic position, which greatly facilitates their recognition for thevcoilt^ 

lower end of the body round the leaf upon which they are feeding (fig. When 
In th- ® ‘u consistency, which they attach to a needle 

s r: s:.r “»' 

in »aw-fly larvae make their appearance 

October) on rose bushes in the Ddira garden* *iwi 



Mbits of tlio lanm 
Avigut sisL ifiOfl. 
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Strip many bushes of their leaves. The caterpillars spend two weeks in the larval 
stage and 4*® days as pupx. The pupa is enclosed in a cocoon which is attached 
to a leaf or small branch of the plant. The flies on issuing apparently pair at 
once and lay eggs. Fig. 88 a—d show the larva feeding on a leaf^ cocooUi pupa and 
fly. 

11.—Hymenoptera Petiolata. 

The hind body is connected with the thorax by means of a deep 
constriction, so that there appears to be a stalk between it and the 
thorax. This stalk may be long or short, but is always present. 
This sub'order is divided into three series— 

1. Parasitica or Terebrantia, including the families 

Chalcidxt Ichneumonidse, and Braconidse. 

2. Tubulifera —comprising the Chrysididx. 

3. Aculeata— including the families Apidx, Diploptera, Fosso- 

ria, and Formicidge. 

Series \.^Parasitica or Terebrantia. 

The trochanters (the second joint of the leg) are of two pieces 
(fig. 82), and the female is furnished with an ovipositor at the 
extremity of her body. 

Family lY.-^Cympidee (Gall-flies). 

Small, frequently minute insects, usually black or pitchy in 
colour the abdomen is short and compressed, with an ovipositor 
arising from the ventral surface. The wings have only a few cells in 
them and have no stigma (a black patch) on the anterior margins 
of the upper wings. The antenna are straight, simple, and are com¬ 
posed of a few (12-15) joints (fig. 89). The larva are small curved 
whitish grubs and live in galls on plants or parasitically in the bodies 
of other insects, either singly or several together; The female bores 
into the living portions of plants (steins, leaves, buds) by means of the 
spine at the end of the abdomen, and deposits an egg in the hole thus 
made. The larva on hatching out "feed upon the plant tissues and the 
irritation set up gives rise to swellings to which the nan 8 of 'gall * is 

given. 

The different forms of gall thus arising are characteristic of 
different species of insect. In many species a regular alternation of 
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a parthenogenetic with a true sexual generation exists, the two 
generations being dissimilar and causing galls of very different 
appearance. 

Little is- known about the life«histories of gall-flies in India, 
although the family probably contains numerous species which 
damage the seeds and fruits of trees. The life-history of a species 
known as Callirhytis setnicarpfolia has been partially worked out. 

Family V .^Chalcididse (Chalcid Flies). 

T.hese differ from the last family in having elbowed antennse 
consisting of from seven to thirteen joints. The wings are without 
a system of cells in them j there is a single well-marked nervure 
running from the base near the upper margin, one short vein being 
given off from it. The insects are frequently of brilliant colour, and 
remarkable form. This family is one of considerable importance 
owing to the habits of its members. The larva; are mostly parasitic ; 
some live in galls feeding upon the grubs which give rise to the galls * 
others attack caterpillars, others pupae only; some parasitise bees or 
Ooccidss and ^phidse and some deposit their eggs in the egg-cases of 
Blattidae. A few are known to prey upon useful parasitic Tachnid flies. 

Several species of this family have been reared from forest defoliating cater¬ 
pillars. Chalets euplaa (fig. 90) has been bred from some caterpillars of the 
families Lymantria and Dasychira which at times completely defoliate the sil in 
the Bengal Duars and Assam. Occasionally these caterpillars increase in incredi* 
ble numbers and eat off every leaf from the trees. This leads, afte'' the insect 
has passed through 2-3 generations, to a similar large increase of the chalcid pest 
owing to the exceptional abundance of its food-supply, and the caterpillars are 
finally decimated and the insect brought down to its ordinary numbers in the 
forest again. The scale insects {Coccidee) contain serious pests both to the planter 
and the forester, and observation has shown that many of these scale pests are 
parasitised by chalcid flies, e.g., Aphelinns iheai \s ^arasitve on the tea scale-buff 
{Ckionaspts theet)i Eucyrtus uietneri, Scutellista cyanea. Marietta Icopardina. 
etc.. »e par^itic on the brown bug iLecanium coffea) of coffee, and so on. 
nothy htlle chalcid fly (fig. qi) is parasitic on the well-known cheroot-weevil 

iestaceum), the fly laying its eggs in or close to the beetle grub in the 

of chalcids have been obtained from the larvae of 
and blue p^e) ° Pityogenes. which infest deodar 

i.«!i * r , dasychtres, which are parasitic upon the caterpillars ot » 

bad sal defoliating species of Dasychira (orobahlv /) caterpillars of a 
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Family VI,— Ichneumontdte (Ichneumon Flies). 

The ichneumons are insects with a long slender body and many- 
jomted antennae. The wings have a well-developed series of nervures 
and cells in them ; the space on the front wing separating the second 
posterior cell from the cubital cells is divided into two cells by a trans¬ 
verse veinlet (fig. 98 al. The female has usually a long protruding 
Ovipositor. ” ^ ® 

These insects are parasitic in their larval stages, their hosts bein^ 
very often caterpillars. The egg is deposited by the mother in the 
body of the caterpillar. The larva on hatching out is a little white, 
legless grub, which feeds upon the fatty tissues of his host, the latter 
eventually dying of exhaustion, though it may have sufficient strength 
to turn into a pupa first. When full fed the ichneumon grub spins 
a cocoon, which may be attached to the body of the dead caterpillar 
or may be free inside or outside of the ■ pupal case of the host* It 
often happens that two or three eggs or a much larger number are 
laid upon the caterpillar by the ichneumon fly and then a number of 
cocoons are obtained from the dead caterpillar or from the pupa into 
which it has changed. The members of this family thus perform a 
very important service in the forest by parasitising and keeping 
down defoliating larvae and wood-boring pests, and in fact insect 
pests of all kinds* At the same time they are also injurious to some 
extent owing to the fact that some species lay their eggs in and kill 
off useful predaceous and parasitic insects. 

The members of the genera Rkyssa and Thulessn are among the 
most remarkable of the ichneumon flies* These insects have oviposi¬ 
tors of as much as three to four inches in length, and are parasitic 
upon species of the family Strtetdos which, as above described, live in 
solid wood* The life-history of a species of Rhyssa * parasitic upon 
Strex imperialism already described as infesting spruce in the North- 
Western Himalayas, has been partially worked out. 

The mature insect appears on the wing about the beginning of June. The 

.... ^ female is a fairly large handsome fly, black 

LtfC'Utitory of Rhyita tp. . - *. *1. *1. j 

in colour with yellow spots upon the thorax and 
a pink spot on either side of each segment of the body* The insect is one inch 
in length with an ovipositor of one and-a*half inches (fig. 93)* 

^Vid0 a note on * The habits of the larvat and adults of SitsH and Tkmlenta * by tbs 
anther in JVafwra of August at at, tpoa* 
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The larval and pupal stajfes of the ichneumon have not yet been found. The 
^Sg is probably laid by the female ichneumon near or on the young larva of the sirex 
and the Rhpsa grub feed.s upon tlie sirex larva as an external parasite. When the 
sirex larva is full grown the ichneumon grub pupates at the end of the tunnel bored 
by the sirex larva, the latter dying. When mature the ichneumon imago bores its 
way out of the tree by the shortest route. There can belittle doubt that this 

parasite is of the greatest .service in keeping down the numbers of the sirex. It 

appears to itself suffer when the wood-wasp larva has gone very deep into the 
wood, as the ichneumon fly has then apparently not sufficient strength to bore its 
way out of the tree, and dies In the wood after having gone a certain distance. 
The flies can often be found in this position in dead spruce trees. 

An ichneumon fly of some importance Is Ophion aureolaius (fig. 94) which is 
parasitic upon the horse chestnut defoliator Acronycta anadina in the North-West 
Himalayas. The caterpillars appear in June and the fly apparently lays its eggs 
in or near them about this time. The caterpillar is full grown and pupates in 
August and then dies, the ichneumon grub, by then full grown, pupating inside 
the cocoon and chrysalis of the caterpillar (fig. 94. a). The winter fs passed in 
this stage, the fly (fig. 94, b) issuing the following year. Species of Glypta and 

(figs. 95 and 96) are parasitic upon the teak defoliator Hyblaea puera, flies 
having been bred out in the first week of September from caterpillars taken in the 
latter part of August in the Nilambar Teak Plantations in Malabar. Another 
ichneumon parasite of some importance is Punpla punctator (fig. 97) whose grub 
IS parasitic upon the silkworm Antherma roylet and is also parasitic upon several 
species of Saturmid<p, a family of moths whose caterpillars are serious defoliators 
in the forest. Other ichneumons are parasitic upon various species of bark-boring 

and wood-feeding beetles of the families Bupresixda, Bostrichidee, Cerambycid<g. 

ocolyttdar^ etc ♦ ^ 

Family VW.^Braconidae (Bra con Flies), 

These insects are very similar to the ichneumons. The anteimae 
consist of many (nearly always more than 15) joints, and the wings 
have a moderate number of cells in them. They can be distin¬ 
guished from the ichneumons by the fact that the hind body has a 
inuch less degree of mobility of its segments and the upper wings 
differ, the series of cells running across the wing being only three 
in the Ichneumonides, whereas they are four in the Braconides, 
and a centre cell behind two and three is divided transversely into 
two in the former, but is undivided in the! latter [cf. fig. 98 a, b>. If 

these distinguishing characters are rememoered the two families 
can always be distinguished from one another, 

« “*“'**'insects which affect Forest’ 

VoL I, p. iss, ,nd plate VII, Pig. a. 
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The habits of this family are similar to the last, it being believed 
that they are nearly all parasites. Usually they attack larv®, but 
they are bred in great numbers from pupae and occasionally from 
imagoes of other insects. Little is known about the Indian repre¬ 
sentatives of the family. The writer has bred out bracon flies 
from pvo scolytid bark-boring pests— Scalytus major and S, minor 
—which infest deodar trees in the North-West Himalayas, The flies 

appear to lay their eggs in or on the larvje of the Scolytus. Fig. 99 
shows a species of Braconid fly. 

Series 2. —Hymenoptera Tubuli/era. 

Trochanters undivided; the hind body consisting of from three 
to fi\e \isible segments; the female with an ovipositOTi which is 
usually tractile and envelopes a fine pointed style. The larvae 
usually live in the cells of other Hymenoptera^ This is a small group 
in comparison with Parasitica and Aculeata and is not of impor¬ 
tance here. One family is recognised. 

Family VIII.— Chrysididee (Ruby Wasps). 

Insects usually of glowing metallic colours, with a very hard 
coarsely-sculptured integument; the antennae are r3-jointed and 
abruptly elbowed. The abdomen is of peculiar construction and 
allows the insect to roll itself up into a ball ; the terminal segments 
are telescopic and are usually drawn into the body. 

The ruby-flies do not attain a great size ; but are always noticeable owing to 
their brilliant colouring; they are often to be found flying about Indian verandahs 
in the sunshine. A common metallic green species with a blue sneen is Chrysis 
fusetpennis (fig. 100), to be found all over -India and Burma up to 10,000 feet. 
This insect is parasitic upon three species of (p. 71) laying its eggs in 

the larvae of the wasos. 

Series 3.— Aculeata^ 

Trochanters undivided; abdomen consisting of six or seven 
visible segments; female has a retractile sting. Antennae are usually 
i3«jointed in S , 12-jointed in ? . There are numerous exceptions in 
the ants. The larvae are legless grubs of soft consistence and live 
either in cells or, in the case of the social forms^ in the abodes of the 
parents. The larvae of the ants and fossorial aculeata have the anterior 
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parts of the body long and narrow and abruptly bent so that their 

heads hang down. The pupa is always soft and gradually assumes the 

colour and hardness of the perfect insect. The bees, ants, and wasps 
are included here. 

Family Y^.~—Apidx (Bees), 

Usually very hairy insects, with elbowed antennae (r/. figs, loi, 
103); the parts of the mouth are elongated to form a protrusible 
tubular proboscis (fig. 104) i the hind body is never narrowed at the 
base into an elongated stalk as is the case in wasps and fossores [cy, 

fig. 103 and fig. 112) ; the basal joint of the hind foot is elongate, 
the tibiae and tarsi of this leg being usually broad {cy, fig. 103, b). 

There are no wingless adult forms amongst the bees; in the species 
which live in societies or colonies barren females, called workers, 
exist and carry on the work of the community. The food of bees is 
always obtained from the Vegetable Kingdom or from other bees, 
it usually consists of pollen worked up in various ways, and in this 
connection the hind legs of bees are of considerable importance since 
they are largely used in the industrial occupations of these indefatig¬ 
able creatures, and in the female act as receptacles for carrying pollen 
to the nest. The tibia and the first joint of the hind foot are the 
parts most modified. Pollen is carried, however, by other parts 
of the body in many bees. The pollen is either carried to the nest, in 
a dry state, in which case the hind legs are densely hairy, or it is made 

into a mass of a clay-like consistence when there are pollen plates 
present. 

As is well known, bees frequent flowers, but not to gather honey as 

is usually thought. They really extract the nectar w'hich is almost 

pure^ saccharose. This they swallow and bring it up again in its 

required state. Probably all bees eat pollen whilst collecting it, and 

it is the pollen collected mixed with honey which serves for the food 
of the colony. 

. young of bees are always reared in cells and these cells (except 

I? ^ © case of the parasitic bees) are built by mothers or workers. 

The solitary bees store the cells with food and close up each cell 

Vter having laid an egg in it, so that in these cases the grub feeds 
upon a store of food previously provided for it. The social or colonial 
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bees (those living in hives, open combs, etc.) do not close the cells in 
which the larvae are placed, but are fed by ihe workers very much 
in the same way that nestling birds are fed by the parents. The 
food is honey and pollen mixed in proportions which vary for 
different species ; the honey seems to be specially suitable to the 
young larvae, as those bees which make closed cells place on the 
top of the mass of food a layer consisting principally of honey, which 
layer is first consumed by the young grub. The larva reaches its 
full size in a very short space of time, but rests for a more or less 
prolonged period before transforming into the pupal stage. The 
pupa shows the antennae, wings, legs, etc., of the perfect insect very 
distinctly, the development of the latter being quick. Some larva 
spin cocoons, others do not. 

There are a large number of parasitic bees, i.e., bees which lay 
their eggs, either one or more, in the cell of a working bee of a 
different species. The larvae developing from these eggs grow more 
rapidly than those of the host and so cause the latter to die of starva¬ 
tion. In some cases the parasitic larva ends by consuming the 

grub it has robbed, before pupating. ^ t r 11 

It will be sufficient for our purpose here to consider the following 


^ The PARASITIC bees (Denudat/e), Carpenter bees (fcopuLi- 

FEDES) Mason and Leaf-cutting bees (Dasygastres), and t 
Social or Colonial bees (Sociales). bees 

The Parasitic ^ees (Denudat.®) arejong-ongu^^ 

with no pollen-carrying to thefr hosts. Among 

other bees and often hav g ^ ^ cornuta, the latter 

The "''‘"tch are par«Uic. The geeu, 

long-tongued solitary laiaest and mpst powerful of the 

STnd is w?rrlpr”^eLd ie I«dia. They are oftea black or blue- 
Sek “n colour (sLe species in India have a bthliaol canary yel^w 

bust’ build with shining integuments more or le^ covered with 
hair They are known as carpenter bees from the habit possessed y 
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some of them of boring into dry timber. They will not touch living 
wood nor will they tunnel into rotten wood. Sound seasoned timber 
appears to be what they prefer. They bore a cylindrical tunnel into 
the wood from which three or four parallel galleries give oflF in which 
broad cells are placed. These cells are always isolated by a partition 
formed by cemented fragments of wood which are cut out by the bee. 
Little IS known about the life-histories of our Indian specieS| nor do we 
know how many generations they pass through during the year, 
Xylocopa latipes^ depicted in fig. 103a, is a large dark blue and 
green Xylocopa widely distributed throughout India and ranging down 
into China and the Malayan region. It tunnels into sil wood in 
the Bengal-Duars^ occasionally causing serious damage to the rafters 
cf the tea factories and other buildings, whilst it has also been 
found boring into padouk, imported from Rangoon, in Calcutta 
(fig, 103 c) and into teak in Rangoon. 

Xylocopa chloroptera is the common carpenter bee of East India, 
Burma, Moulmein, etc. It selects hollow bamboos for its cells, 
connecting together pieces cut out of the interior partitions of 
the bamboo and using them as horizontal partitions inside the bamboo 
to separate the internal cavity into cells. This species is much infested 
with a small chalcid parasite {Sncyrtas)^ of which as many as 
300 specimens of the fly have been bred from a single larva of the bee. 

The group Dasygastres includes the mason and leaf-cutting 
bees. In these bees the ventral surface of the hind body in the females 
is densely set with regularly arranged hairs by which the pollen is 
carried. In many, as in Megachile, the labium is very large and in 
repose is deflected on to the lower side of the head. This group 
includes some of the most interesting, and, perhaps to the general 
public, some of the best known of the solitary bees. The mason and 
leaf-cutting bees are well-known in India. 

The leaf-cutting bees cut elongate or circular portions out of green 
leaves to form the partitions for their cells, A well-known Indian 
one is Megachile anthracina {fasciculatis)^ depicted in fig, 105, It 
cuts long pieces out of rose or pulse leaves and forms its cells of theses 
a circular piece being cut to serve as the lid. These cells resemble 
an ordinary sized thimble. Horne states that in one specimen 
examined by him thirty-two pieces of leaf disposed in seven layers 
were used^for one cell, in addition to three circular pieces for the lid. 
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Some kind of gummy material is believed to be used to keep in 
place the pieces forming the interior layer. This is not, however, invari¬ 
ably the case, as in a species found by the writer in a tunnel in blue 
pine wood in the Himalayas the leaf pieces used were merely tightly 
wedged in their places. The cells are placed end to end as shown in 
fig.io6 a, b, five to seven cells forming a series ; four to six series are 
believed to be constructed by one pair of this bee, the mass being placed 
in a hollow in masonry or some similar position. Each cell when 
cornpleted is half filled with pollen and an egg laid in it (see fig. b). 
This bee is much infested by parasites and is also eaten by the Grey 
Hornbill {Meniceros btcornts)* A Lower Burma species of MeguchiU 
makes its nest in the young shoots of teak saplings^ entering by a 

hole at one side. One generation of the fly issues towards the end 
of January, 

Megachile lanata^ showrn in fig. 107 a, is the common bee found in 
Indian houses, and especially verandahs. Horne states that both 
sexes take part in constructing the cells. These cells are formed of 
clay (fig. 107 b), and a hollow cavity of almost any kind will be made 
use of; the back of a book, an empty punkha*rope hole in the wall, 

the barrels of a rifle or gun, etc., are often found teoaated by the cells 
of this insect. 

The Social bees (SociALES) include the genera Bombus, Melipona 
(Trigona), and Apis. 

Bombus or the bumble bees are more like wasps in their habits 
chan bees in that the societies die off at the end of the season, only 
a few females living through the winter, each of which starts a new 
colony the following spring. Bambus orUntalis is a large Uack, 
yellow, and red bumble bee, very common about Darjeeling. It is 
shown in fig. 108. Males, females, and workers are present in the 
nests. Th se latter are found in the ground amongst lOTsa, leaves, etc. 

Melipona includes several species of very small bees which aie 
common in India, although little is known about their lifc 4 iiiftories. 
They are stingless bees, building their nests in old walls, etc«: the nest 
is formed chiefly of chewed resin. They produce honey and wax 
in considerable quantifies, but no attempt has ever been made to 
domesticate them* Melipona {Ttigona) tkoraeica (fig* 109) ts 
common in Tenasserim. M, indipennis^ another species, has been 
taken at Barrackpore^near Calcutta and ia also common in Burma* 
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1 he genus Apis contains the wild honey bees par excellence of 
India. In these bees we get the three forms of male, female, and 
worker. The males are the drones and do not work. Neither the 
male nor female take any part in the provision of food either for 
themselves or the young. The colonies are permanent, i.e.^ they do 
not end at the close of a .season, the formation of a new colony taking 
place by what is termed ‘swarming.’ This swarming of bees is not 
a nuptial flight as is usually supposed. The swarm consists of 
one female and a number of workers. These workers build the new 
comb. The comb consists of a number of hexagonal cells, consisting 
of wax, intact wi 1 th one another at the sides. The queen lays an egg in 
each cell, and as these hatch the young larvae are fed by the workers. 
Some of the cells are used for storing honey in. The fertilisation of 
the young queen takes place durjng a solitary flight after the swarm 
has settled down. Three species will be considered; Apis dorsata, A 
indica, and A, ftorea. A. dorsata is the big bee shown in fig. 101. It 
constructs large nests consisting of a single semi*elliptical comb of as 
much as five feet across and two feet deep, either suspended to the 
under-side of the branches of lofty trees or to portions of buildings or 
attached to the rocks of precipitous cliffs, as, for instance, at the 
Marble Rocks on the Narbada River near Jubbulpore and in the 
Ajanta Caves, Bombay. This bee can be recognised by its size and 
elongate body. Its sting is very poisonous, being most deadly \n 
the hot weather and often resulting in death to Europeans if in* 
dieted in numbers when the blood is in bad condition. That this is 
invariably so in the case of the jangle tribes of the country is doubtful, 
as the writer has seen Kols and Santals with many stings in their 
bodies, but apparently suffering no inconvenience therefrom. This bee 
is very difiicult to dislodge, as it will return again and again to a 
chosen site, thereby greatly disfiguring buildings. Arches in the Taj 

Mahal at Agra were at one time greatly disflgured by the combs of 
this insect. 

A. dorsata appears to be common all over the country and is found 
up to over 7,000 feet in the Himalayas. When disturbed it will 
attack, with the utmost fierceness, both man and animals. There is 
a considerable trade in its honey and wax, but to obtain them the 
comb has to be destroyed, and the natives are very careless in their 
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method of collection, pressing the whole into great balls containing 
pieces of twig, dirt, and other impurities. It is doubtful whether this 
bee can ever be domesticated. Should it prove possible, there can 
be little doubt as to the great commercial value it would have. 

Apis indica (see fig. no) is a smaller bee, whose habits ar^ similar 
to those of the European A. mellifica. It builds in hollow trees, holes 
in walls, etc. Bingham states that in Burma, where no spiecies of 
honey-bee is domesticated by the Burman, he has more than once 
seen a house (the houses are chiefly built of wood) rendered nearly 
uninhabitable by a swarm of A. indica taking possession of the hollows 
under the wooden staircases or of the space between the outer walls, 
when these were built double. 

The honey of A. indica is particularly sweet, and attempts have 
been made to domesticate it in various parts of India, including parts 
of Bombay, the Kuram Valley, most districts of the Himalayas, and 
Assam. In the latter province the matter has been taken up by the 
Agricultural Department. The method of rearing as practised in the 
Khasi Hills is crude and not unlike the old system of rearing bees in 
skips practised at home. Attempts are being made to introduce the 
bar-frame hive. 

A.florea (fig. iii) is the smallest of the bees; it is about the 
size of a small house fly and builds its single comb on the branches of 
trees or in bushes or under the eaves of houses. Its honey is very 
fcweet, but is in too small a quantity to be worth cultivation. 

Family X.— Diploptera (Vespid^e) Wasps, 

The wasps can be easily distinguished by the fact that when they 
are at rest the upper wings are longitudinally plicate, tnat is, longi¬ 
tudinally folded down the middle. This is well depicted in Sharp s 
drawing of Eumenes flavopictay a Burman solitary wasp shown in 
fig. 112. The trochanter is simple, the antennae elbowed, the eyes 

reniform, and the mandibles long and projectingt 

The wasps are either solitary or socialj and some have the t ree 

forms: males, females, and workers. 

The solitary wasps {Eumenid^) are more numerous than t e 

social ones, though* perhaps less noticeable. may )© 

distinguished by having the claws of the foot bifid» the middle ti we 
having only one spur at the end. There arc no workers. 


t 


MTf «l. 


Vm i 


1 




B i 

l« 








A MANUAL OF ELEMENTARY FOREST ZOOLOGY. 


69 


A common Indian solitary wasp is Eumenes eonica (iig. :i3) 
which constructs clay nests with very delicate walls. In these nests 
about a dozen green caterpillars are placed in a mass together, thr*re 
being only one cell* It apparently usually selects light-green 
caterpillars for provisioning the nest with, although occasionally 
dark coloured ones maybe found* An egg is laid in the nest and the 
larva on hatching out feeds upon the caterpillars. This .wasp is 
much attacked by parasites, one of which is the cuckoo-wasp, Chrysis 
fuscipenniSy mentioned above. Odynerus punctuniy another Indian 
species shown in fig. 114, makes use of holes in doorposts, etc., 
especially vacant ones made by large nails or screws. The hole is 
filled with provisions and the orifice is then covered over level with the 
surface of the wood so as to escape observation. This genus is said 
to be destroyed by Chrysididas^ The members of the genus 
Rhynchium also prey upon insects, usually selecting the interior 
of stems for their nests. /?. brunnettm (fig. 115) makes use of 
hollow bamboo stems. Horne records a case in which a female 
of this species took possession of a stem in which the bee 
Megachile lanata had already built two cells. The wasp first 
constructed a partition of wood over the spot occupid by the beei 
this partition being similar to that which it makes use of for 
separating the space intended for his own young. This species 
stores caterpillars intended for its young, and this is also the habit 
of another Indian species, /?. nitidulum. This latter wasp con¬ 
structs clay cells, similar to those of Eumenes^ which it fixes firmly 
to wood. 

The social wasps (Vespidae) live in colonies, as in the case of the 
social bees, consisting of males, females, and workers. They build 
ingeniously constructed nests consisting of a paper-like substance 
composed of chewed wood or bark. These nests consist of one 
or more horizontal combs, each composed of a number of prismatic 
hexagonal cells open at their lower ends. These contain the larvae, 
one in each, which thus hang head downwards. The whole nest may 
be surrounded by a firm or loose covering. The larvae are fed upon 
chewed insects. The whole population of the nest dies in the late 
autumn, wkh the exception of the young fertilised females.’ These 
survive through tlie cold weather months, and in the spring set about 
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founding a new colony. The femnle commences the new nest by 
partially constructing a few cells and laying an egg in each (<:/. ii8). 
She then continues the building work until the young larvae hatch out. 
These she is supposed to feed upon saccharine matter at first, 
subsequently giving them chewed insect food. In the intervals she 
continues the construction work and egg-laying. This, howeverj 
naturally progresses slowly as long as the larvae have to be fed. 
When these latter are full fed they pupate, and after a short time spent 
in this stage the adults issue and at once carry on the construction of 
the nest, as also the feeding of the larvae, and perhaps of the female 
herself who no longer engages in any work save egg-laying. The 
adult wasps feed chiefly upon sugary matter and fruit. 

The nests of the Vespidae are very elaboraite structures formed of 
quite a different material to those of the bees. These latter, as we have 
seen, secrete wax and use it to build the comb, whereais the wasps 
make use of paper or card which they form from fragments of 
vegetable tissue, more especially woody fibre, amalgamated by means 
of cement secreted by glands ; these vegetable fragments are obtained 
by means of the mandibles. In the case of our Indian wasps' nests fhe 
whole is enveloped in so solid and beautifully constructed an envelope of 
papier-mach^ (fig. i<6a) that they are enabled to pass through the 
heavy monsoon rains without injury. In most of the nests of the 
Vespidae the comb containing the larval cells (c) is placed in stories, 
one above the other, the stories being in some cases held up by pillars 
(b) made by the wasps, supported either by a branch or by the 
outside envelope, communication being effected by a hole , in each 
layer of the comb, e.g.^ as in Vespa velutina (fig. 1x6), or there 
may be only one mass or comb, as, e.g.^ in Polisies (fig. ii8). 
The eggs are laid in the cells when the latter are only partially 
formed. The subsequent building up of the cell being accomplished 
as necessitated by the growth of the larvae. The changes to pupa and 
image take place after the cell has been entirely closed. 

Perhaps the commonest of Indian social wasps is the yellow 
Polistes hebreeus (fig. 117). Everyone knows the beautifully 
Constructed papery nests of this insect. This wasp is particularly 
addicted to buildings and will attach its nests to rafters, door frames, 
in fact woodwork of any description or to almost any convenient spot 
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Ampul ex comptessix (122 b) docs not construct any spccuU cell but nmko of 
holes which it provisions with cockroaches. 


Family XII. — Formicidw (Ants). 

The ants can be distinguished from other Hymenoptera by the 
fact that they have a construction in the stalk which joins the abdomen 
to the thorax. The antennas are elbowed; the trochanters are 
undivided. The individuals of ^ach speeijes are usually of three kinds t 
males, females, and workers; the latter have no wings, 'but the males 
and females are usually winged, though the females soon lose their 
flying organs. They are social insects living in communities of 
various members, the majority being worlcers. The larvae are helpless 

fed and tended by the workers or by the female. The pupse 
are enclosed in silken cocoons. These are the so-called ^ ants^ 

which may be seen in fine weather exposed on the top of the nest to 
the warmth of the sun’s rays. 

\ntfl build nests which consist of passages and chambers dug out 
in earth and rotten wood, stumps of trees, etc., or they build in the 
crowns of trees or bushes amongst the ^leaves which they fasten 
together. The burrowing ones generally pile up the earth they dig 
out in hillocks above the surface level. 

The two most important sub«families of the ants are the Formicides, which 
have only one knot in their peduncle (fig, 123 A, a), the abdomen being usually not 
furnished with a sting, and the Myrmicidesy with two well-marked knots in the 
peduncle (fig. 123 B, a, b,) the abdomen being usually furnished with a .'iting. 

An example of the Formicides is the large vicious .red ant, CEcophylla smarag* 
dina, of India. This ant inhabits trees^ making a nest of the leaves which are 
fastened together. The ant itself has no material with which to fasten the leaves# 
and 50 makes use of the larva which possesses glands secreting a sticky substance. 
Several ants pull the leaves together while others holding the larvse in their 
jaws as shown in fig. 124 use them to moisten the edges of the leaf. This ant is 
a common insect in the s 41 and other forests of India. 

The targe black ant, Camponoiux compressus (fi^. I 35 )» which constructs its 
nests in the ground is another common example of the Farmietdes. Camponoius 
attacks other ants, and is to be found in attendance upon Aphids and Coeetdmi it 
kills the lac insects, often causing serious injury in lac areas. One species has been 
found sucking the sugary secretion emitted by the Dun sal Monophlebus acale<^ 
insect, Myrmicides may be noticed a large fierce ant^ Sima rufa* 

nigra (fig. 126), called the sepoy ant in Madras from its colouration, the insect 
having a red thorax and black head and body. It makes its nest in dead 
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woodf and is often found in old longicorn borings in sandal wood trees in 
Coimbatore and Mysore. Its sting is very painful. It is equally common in 
the north of India. Bingham writes : ' S. rufo-nigra makes its nest in the dead 
wood of trees and very often, in Burma at least, in the clefts of the beams 
and posts of the wooden rest-houses scattered over the country. Personally I 
opened and examined only one nest that in a hollow in a Pyinkado tree. 
The hollow was low.* The common red ant of I'ne plains of India is Solenofisis 
gemminatus (fig. 127), which lives in largo eoionies in nests in the ground, under 
stones, etc. It constructs partially covered ^ across roads and is often to 
be seen carrying off dead insects. It has been reported as attacking potatoes and 
may be found to do damage in nurseries. A largish ant with reddish head and 
dark abdomen, called Holcomyrmex scabriceps (fig. 128), is a granary ant and 
builds its nests in the ground arid stores up grass and other seeds. Quite large 
heaps of grain are collected by these insects, which they may feed upon or simply 
allow to ferment and then feed upon the sugar contained in the fermenting mass. 

The sub-family Dorylinai with large yellow-winged males and small flattened 
yellow workers are carnivorous hunting ants. There is a curious exception to this 
fulfi in the sub-family, how^ever. The ant Dorylus Ofientalis (fig. 129) feeds upon 

vegetables, it having been observed attacking both potatoes and cornflour plants 
in the Botanical Gardens at Calcutta* 

Some ants are In the habit of keeping Aphid^e (plant lice) In their nests, which 
they ust much as we use cows, sucking up the sugary secretions they emit. 


Useful Hymenoptera* 

The Hym$nopUra contain several families of useful insects which tend to keep 
injurious insect pests, both in the forest and field, in check. It must, however, be 
borne in mind that the good is in some cases almost counterbalanced by the fact 
that the same families contain insects which are paraaitic upon, and therefore keep 
in check, our useful insect friends. In spite of this, however, in the case of serious 

increases in the number of an insect pest, such as plagues of caterpillarsi man is 
deeply indebted to his hymenopterous allies. 

The Order may be divided into four groups:— 

(a) Insects useful because they are parasitic upon.noxious pests. 

(b) Insects harmful because they are parasitic upon useful insects. 

tc) Insects of use to man because they furnish him with certain articles of 
economic use, as food, etc. 

(d) Insects of indirect benefit to mankind in that th^ largely aid in the 

fertilisation of plants and thus perform an important part in the 
economy of nature. 

Amongst the families in group (a) the Chaletdidm without doubt conuin 
numbers 01 insects of great use, and their further study will well repay the 
tfoubic expended on it. Undetermined species have bean already found attacking 
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W’le^p.ne and the deodar 

t Leptdoptera. Numerous wild silkworms are subject ^to their 

be mentionf/r"^*V°”r caterpillars kept in check by them may 

be mentioned Zy„^/r.o:(several species). Dasycktra, Acronycta, ffyblcBa puerl 

use airo1n"ke^p“g Ae wood-L?^^ S'® b ‘ i 

, , 1 4.1. P ^ boring grubs, both coleopterous and hymenopterous, 

of particular importance in this 

Ifr?« ^'l^ If”"®® ® parasitic upon the Indian spruce 

. II 1 * aupplemeniary ichneumon flies, as they are sometimes 

Ca led, resemble in habits the Ichneumonidee, and they are of interest in the forest 

since already species have been found parasitic on the larv» of the Scolytus deodar 

bark-borers, and researches will probably show that there are many other similar 


The Diploptera (wasps) and the Fossoria fsand-wasps) both paralyse and lav 
their eggs in caterpillars and other insects, and therefore are of some use in keep- 

tng down pests. The sand-wasps also attack grasshoppers, probably several 
times their own bulk, and lay their eggs in them. 

Little is known about the ScoUida in India, but in Madagascar a species lays 

Its eggs in the rhinoceros beetle fOryctes) which attacks palms. It maybe found 

that a species infests and keeps In check the Orycies in India where it is a serious 
at times. 

Amongst the Forfh%cid<B present available information does not show that they 
are of much use. The bamboo ant. (Ecophylta smaragdiha, feeds largely upon 
caterpillars, and so is possibly of some use in keeping down defoliating pests. 

An example of group {b) is the cnaicid fly, Perilampus sp,, which is parasitic 
upon the useful Tachnid flies {TTycolygo, and which parasitise ibe 

caterpillars of noxious species- of Dusyehita^ 

The Apidm must be classed amongst the useful Hymenopitrap not on account 
of any predatory habits> but owing to the fact that they furnish man with certain 
products, such as honey and wax, which add to his food and comfort* There is 
yet another and important part played by this family in nature. Bees undoubtedly 
help largely in the distribution of pollen^ and therefore iln the fertilisation of the 
flowers of trees and shrubs^ and consequently in the continuance of vegetable 
growth* It is not improbable that the family is of great service to the forester in 
this way. 

Taken as a whole^ the Order* may be looked upon as one of considerable 
utility to man. 
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Chapter VII. 


URDER V*—COLEOPTERA. 

The Coleoplera or Beetles appear to be wingless insects, but have 
t«Hy four ^,rs of wings. The upper pair, which are called the 

o,« the bacit, thus protecting it and the lower wings/which Le 

wlt 1 .'^th'”“*b, "'f'" ""J* Fig-■ 3 » shows a beetle 

with the right elytra in the position of rest, the left one being held 
up so as to set free the under wing. In the mouth mandibte 
•re present, and the lower lip is divided along the middT The 

TumT''’ h“'b' VT’’'''®' “ rub-like, and changes to a 

but are still white and soft. uwmguishahie, 

Or/*** and most important of the 

to«.'t” l^rh'k* “ "f• “’’'‘"*0 *"i"™"s iuthe 

orest. Both larvae and imagoes bore into the bark and timber of the 
^ es of trees (and also into the branches and roots) and les„„ ^ 

^ ***“ girdle branches and kill them teed 

XI a.:'‘ii«'J t’’ "b aX" 

Beetles are chiefly distinguished from other insects by the solidity 
of their outer covering and by the peculiar nature of their first pai^ 
of wings, which are not used as instruments of flight but merelv 
sm. to protect the hinder part of the body. Beetlera^ notXd 

their'eoo'rlfo”* "'“1“ "'J" "otwithslandiog 

bee. fliT. et^ Th ’ I V us ants* 

an be found everywhere when looked for. ^ 
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Me present which ‘ eyM 
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76 


A MANUAL OP ELEMENTARY FOREST ZOOLOGY. 


Since the classihcation of the species is entirely based upon it; The 
proihorax is very free and is therefore capable of considerable 
movemeiit independent of the after-part of the body. The roeso- 
thorax is much reduced. The meta-thorax is largely developed in 
winged forms* Fig. 131 shows the under surface of a beetle with the 
different parts named. It is essential that the student of the Coleoptera 
should make himself thoroughly acquainted with the nomenclature of 
the different parts. The elytra frequently have a remarkable sculpture) 
the use of which is unknown. When the elytra are shut up, they 
cover the greater part of the meso- and meta-thorax, abdomen, and 
the lower wings. At the basal point of juncture of the elytra there 
18 a triangular, portion called the scutel/utn, which forms the upper 
part of the meso-thorax. The elytra may leave a few of the posterior 
segments of the body exposed. These elytra are of such importance 
to the beetle that they are even present in cases where there are no 
lower wings. W^hen this occurs they are often joined together down 
the central suture so as to form one piece, though the line represent¬ 
ing the junction is always present. When a beetle flies the elytra 
open slightly upwards, letting free the lower wings {vide fig. 130). 
In the common rose-chafer (the green metallic-looking flat beetle 
to be found upon roses) where the elytra are joined together, they 
are merely lifted up; when the elytra are absent, as occurs iii 
some beetles {Tenebrionidae^ etc.), there are no lower wings 
present* The nervures or veins in the lower wing are broken up to 
allow of their being folded up under the wing covers. The number 
of tarsal joints present varies from 2—5. One may be hidden and is 
only seen on dissection. For classiflcation purposes only those 
visible are counted. Some of the tarsal joints may be bi-lobed ; they 
are set with a spongy felt-work of hair to help the insects to walk 
upon plants. Only 3—6 segments of the abdomen are visible* 

There is often a considerable difference in the sexes amongst beetles. 
There may be either a difference in size, the d being smaller than the 
$ ,.oran increase in size of the antennae in the males or an enlargement 
of the interior tarsi; occasionally the number of joints of the tarsi vary 
ill the two. The only music produced is chirping or squeaking by 
rubbing two files together, Phosphoretic organs are present in 
glow-worms and fire-flies. These consist of masses of cells connected 
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with a fatty body and are freely supplied with air. The light 
produced is caused by the oxidation of proteid matter, These organs 
are situated on the abdomen. 

The larva is grub-like, with a distinct head and jaws ; some¬ 
times antennae and six legs are present. They have no special boring 
apparatus and the sexes are distinct. They usually feed at night 
and upon all sorts of substances. Beetle larvae are sometimes 
parasitic upon other animals, but this is not usual. 

Owing to the difficulty in rearing Coleoptera less is perhaps 
known about theii life-histories than of those of other insects. In 
India, until within quite recent years, the information on this subject 
was practically non-existent. As will be seen from descriptions in 
the following pages and in fig. 132, the larvae of the Order vary 
considerably in appearance. 

The pupa or nymph is quiescent and usually enclosed in a rough 
cocoon. It is usually white in colour ; fig. 133 depicts various cole¬ 
opterous pupae. The adult may live near the cocoon without move¬ 
ment for some time after emergence whilst its outer layers of chitin are 
slowly hardening (this will be found common amongst Buprestidae^ 
Cerambycidx, and the bark-borers, Scolytidae), The beetle when 
found in this condition in the pupal chamber is yellow or light 
brown in colour, changing to dark brown or black before it finally 
emerges fronts the tree 


The initial classification of the Coleoptera depends upon the 
rumber of tarsal joints present on the feet. There are four great 
groups, and these groups are again divided into series as follows 

f Series Lamnellicornia.—‘A.x\tenna& with the 
I terminal joints broader on one side so as to 
I form a peculiar club, the leaves of which are 


Pentammera, 5 
tarsal joints pre-^ 
sent on all the 


often movable. 
Series Adephaga ^ 

or 

Caraboidea .— 


y Antennae filiform or nearly 
so. 




legs 


Series Antennae usually thick¬ 

ened at the tip or knobbed. 

t Series Serricornia. —Antennae usually serrate 
along their inner edge. 


78 


A MANUAL OF ELEMENTARY FOREST ZOOLOGY. 


Heteromera, ist | 

and 2 nd pairs of I Black or brilliantly coloured beetles, often 

lep have 5 tarsal L wingless. The families Tenebrion idae and 

joints ; the 31^^ j Cantharidse only ^iH be considered here, 
pair have 4 onlv-j 

f Series Phytophaga .—Head not forming a de- 
Tetramera, 4 I finite prolonged beak. 

tarsal joints pre--^ Series R hynchop her a.—Hesid more or less pre¬ 
sent on all legs. ] longed in front to form a snout or beak 

L (rostrum). 


Trimeraj 3 tarsal 
joints present on 
all legs. 


Small oval beetles, often spotted. The family 
Coccinellidx only will be considered here. 


Pentammbra. 


Five tarsal joints on all the feet. 


Series I.— Lamellicornia. 

Antennx with the terminal joints, called lamellae, usually three in 
number (sometimes more), broader on one side, forming a club, the 
leaves of which are movable, bnt in repose look like one piece, as they 
are held close together. Fig. 134 shows several forms of lammellicom 
antennae. The families Passalides, Lucanidae, and the Scarabaeidae 
are included here, the form of the leaves of the club of the antennae 
varies in shape in these three families. The iarvm have a horny head, 
large jaws and three pairs of legs, and are thick, clumsy grubs with 
curved bodies, the last two segments being of larger size than usual 
and often swollen out in a bag-like manner (fig. 132 a). Many of them 
oossess organs of stridulation. The larv* feed on decaying vegetable 
matter, roots, or dung. They live either in the ground or »n the 

decaying wood upon which they feed. 

Family I.— Passalidae. 

The upper lip is large and mobile ; and the mentum is deeply cut 
out in the middle. The antenn® curl upwards and the plates at the top 
are thus brought together. These beetles are usually shining-black in 
colour and are abundant in decaying wood in tropical forests. The 
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larva appears to have only four legs, the ist pair being short processes 

whjch we used to produce sounds by scraping over a striated surface 
situated on the next pair of legs. 

l^piaulat deHialis {fig. i;^) u a common insect of this family with a black 
shining thordx and longitudinally ridged elytra. It is abundant h rotten wood 

ta l 5 r.„?rn,S”" >'“•» »' Bhutan. I. be^ 

j^n^*^*****^>^ is said to be common in rotten wood in the AndamBiiE 

and Pl^^artus hrachyphyllus (fig. ,36) has been taken by tie writer b S 
•tumps in the Ootacamund Hills. 

Family W^'^Z.ucatttdse (Stag-beetles). 

The Stag-beetles are well known owing to the enormous horns 
present on the head. These horns are only greatly develooed 
mndibles and are only present in the male beetle. The upper lip is 

fixed cone which is rigid and does not open and close (134 b). The 
male ,s usually larger than the female, but the individuals of both sexes 

I“^v£bfe^ TheT abdominal segments 

.pcning several years o( its existence in this stage.* The pnpt 7 tage 

Jfme T’ quiwcent for some 

_. from the pupal state before it becomes active 

5" these beetles 

S" ” Bark gmeoish brown be«Ie rtoiSto 

In the outer Himalayas the mature beetles are to be found in Tune fnd^Tulv 
haTfSund*^ f T?'‘he summer months, as the writS 

ling into green living oak trees in Nam! Ts.i n. • . ^ ‘unnel- 

mlmdib ***”‘"'*'“ extremely Improbable that thei itrvi'aJe of 

tak« advantage of the galleries to lay their egTs in \he on£ *h**^ 

hein^ inh^. TliMlIIlS.n wood 
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is another common species. It is to be found plentifully at 
rteyatioas of 4,500 to 6,000 feet in the Eastern Himalayas in April in decaying 

eyhndrostaehys, Castanopsis tribuloides, and SympUcos themfolia trees. 
Beetles were uken in July. It is also present in the Western Himalayas. 

Family XW^^^Sefft'ubssida! (Chafers). 

The leaflets of the antenns are freely movable plates which can be 
closed together at will by the insect (134c). The number of visible 
ventral segments of the abdomen is usually six or, at the sides, seven, 
never five as in the last two families. The elytra generally leave one 
or two of tbe last segments of the body exposed. The beetles of this 
family are bulky insects, having a powerful prothorax and front legs 
with flattened, spiny tibiae adapted for digging, as, e.g., in, Scarabxus 
sacer (fig. 139). At times the males are armed with long horns of 
various shapes growing out of the head and prothorax. The larvae are 
bulky grubs resembling lucanid larvae in shape. Both larvae and 
adults feed upon plants and dung. The family is an important one 
amongst insects. About 13,000 species are already known. Several 
sub-families are distinguished, amongst which are the COPRIOES or 
dung beetles, MeloloNTHIDES or cock-chafers, Dynastides or goliath 
beetles, and Cetonhoes or rose-chafers. 

The Coprides or dung beetles are the well-known beetles found 
rolling balls of dung along tbe roads and commonly entering lighted 
houses at night. They are cumbersome, bulky insects with a heavy 
lumbering flight. They form a large group of beetles consisting of 
some 5,000 odd species. Both beetles and larvae have the power of 
producing a stridulating noise by rubbing certain segments over one 
another. The hind legs of the beetles are long and are made use 
of in moving the balls of dung upon which they feed. The dung 

of the Ungulata forms the chief food of the group. 

These beetles are plentiful in India, and although their habits have been little 
studied it is possible to give a fair idea of the habits of the vast majority. One 
of the largest members of the family is the elephant dung beetle, Heliocopris 
dominus (vide fig. 130). This insect is an inhabitant of Assam, an allied species 
//. Mouhouti being found in Burma and the Mala3^. The beetles feed on the 
dung of elephants. They cut off portions and form them into large balls of 3—^5 
inches across. Ibese they then roll to a suitable locality and scooping out a hole 
in the soil push them in, get in after them, and then feed upon the ball. After 
pairing in June or July the female prepares a ball and buries it'in the same way j 
she lays an egg in it and then covers up the ball with soil and refuse litter 




ivr7» Lucanus luni/er. Common Slag heciJe, hbowjpg great variation in sure ol mafe irseci 

138. Female Stag beetle. 

139. St'arah<rm Sit^rer. male and female. 

[to face page 8o. 
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The grub on hatching out feeds upon the material thus providecT, becoming full 
fed about January or February. It then pupates in the circular chamber in the soil 
once occupied by the ball of dung, but now entirely filled by the full-grown larva. 
The pupal stage lasts about three months or a little morci the beetle issuing in the 
monsoon period.* 

Scarabicus sacer (fig, 139) is a well-known dung beetle cf the country. These 
dung beetles play an important part in the economy of nature owing to the fact 
that they act as useful scavengers. 

The MeLOLONTHIDES art probably as numerous as the Copridet. 
Some 4,000 odd species are knowni but many of the Indian forms are 
still uncollected. The beetles are all more or less square in build, 
of some shad^ of black, grey, brown, or dark green ; the elytra 
always leave exposed two posterior segments of the body (pygidium), 
the last segment being more or less pointed. The male can be distiin- 
guished from the female owing to the fact that it possesses larger 
lamellx to the antennae. The grubs are straight when young, but 
curve into the thick,bag as shown in fig. 132 a as they grow olden 

AH the Indian members of this group at present kr-own feed upon 
the roots of plants and trees and are a source of considerable annual 
loss throughout the country to forester, planter, and ryot alike. 
The larval life often extends over several years, the time being 
spent by the grubs in feeding voraciously and growing in size, except 
during the winter months when they retire deep into the earth and 
more or less hibernate. The pupal stage is short, but the beette 
may remain a considerable time in the ground before emerging, after 
leaving the pupa, to allow of the outer chit in hardening. 

‘One of ihe best known pests of this group is the beetle lachnosterna impressa 
or Indian cock-chafer, a thickish brown beetle of which the larva, pupa, and 
imago are shown in fig. 140, a, b, c. The laVvas of this insect live in the ground 
and feed upon roots of all kinds as far as present observations go. It moults its 
skin at intervals until it reaches full size, but never comes to the surface. The 
period spent in this stage probably exceeds a year. The grub is well known to 
planters as the * White-grub.^ . It commits considerable havoc in nurseries of 
.young lea plants. It appeared in vast quantities in the Darjeeling tea gardens in 
.<891- and committed a good deal of damage, being present in 1883 in the 

public gardens of the station itself and doing much damage. During this latter 

attack some 2,695,coo individ uals were collected and destroyed. A large species 

•Fo* a fuller description of • these insects, see ‘ Insect Life’ in B. N 7 Hist. SmT 
Journit', VuL XVII, No. s, pp, 434-437. 
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140. £iuimitltriu imprmA i «. Ur»» i ». pup» i r, beetle; < enlergeJ nntemw. 

Ml. Arke Almil / a, kieilil feeding on n leaf; i, beetle enlarged. 

142. liUpMala himaeutala. 

Ml, The Dnve-palffl op Rhinoeero* beetle (Orytlfi rkiaauroi) i a, lorvo i i, beetle. 

[to fcee page 8i 
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owing .yh. tn,,g .H. 

(fig. 141) defoliate tea and AfalLus ^ssamenstf and Alc<,ch' 

Adoretus are pests ,0 ro-e hlhl. T respectively. Species of 

c D vT^ot ;:,r -“-rf -7 - 

.'aougl. numerically group i. .fce co„w“4 

tbe males often having enormous pro eolions and horns on their heads 

The Cl “ r "‘f 

males are usually much larger than the females. Many of the 

species possess poivers of stridulalion. ^ 

% it'^irej'uurr :■ «■' imC.:. sZ: t, 

^ “ prominent horn, which curves backwards on its head; it is owii^’ 
cC '■r 7 ‘ >■-=• g«. It. name. The wing cisl^ 

Zh, m Jt rf r*' ° V- "“S"'*- rhh insecl inhabll. the 

J)uth rn half of (he continent, being chiefly confined to those areas in which the 
^e-palm, cocoanut, and palmyra palms flourish. It has been reported as plenti¬ 
ful in the Konkan. Kanara. Salem. Kis.i.a, and Godavery Districts is al« 
found in Eastern Bengal and Assam. It is plentiful in Calcutta. The beetle 
^tacks the crown of the tree, boring down into the growing shoot and thus cutting 

When “veral beetles attack the growing shoot the tree is killed. The eggs Je 

«ubs"fn haTh"^^ r*"? plantation The 

grubs on hatching out feed in these localities. It is thus obvious that dirty 

plantatwns encourage the pest to increase, whereas a plantation with no dead m 

dying^ees or heaps of refuse in ,t will be free from it. The grubs of this beetle 

E^Sls“tTM^ltr*'‘’^ ***‘*''"®® plantations on the 

As an example of (he curious pr^ections present on these insects the male and 
female of the be etle Xylotrnpes gtdeon, an inhabitant of Assam and Burma, is 

• For a fuller account aee Departmental Notes. Vol. l. » s« 
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figured here (Sg. 144 a, b, c.) The beetle rings seedlings of rep-ta in 

Burma thus killing them (fig, c.) ^ 

The Cetoniides or rose-chafers are well-known insects owine to 
1ft J'""! colouration. They are squarish flat beetles, 

hnvLT , "'/T' ^T" wilh 

n,L t ° »«’' tlieir 

on ro«.\ ™'-Aafer to Ihe tact that species are commonly found 
of fl^t of^u- "P"" d'atraying the flowers. TheLthod 

ru^^’iiiLTunSh'-- ^ ™ ig 

knot o'lreirtabTw aS.h‘o.?rf"feh nrSTbl a"'. 

r«.s, wacnb,,. ., 5 ,, , br^x™ “lx 

aud isoften loundupon rosebushes. 

shining green beetle, is an inhabitant of Assam «,K.. « a • ^ 

very plentifully upon Acacia catechu trees in May. TolrdT'he eJd Jf 

trees of this species were seen loaded with beetles a^H «,1 ^ 

in the areas adjacent to and between the Sunkos and T defoliated 
debouchment from the Bhutan Hills. Keidak rivers near their 

Adephaga ov Caraboidea, 

Tarsi five-jointed, antennae filiform or nearlv cr, \k m. 
highly developed, with slender prnjectino rurdLer: “m 

darkatoloured beetle, with lo„r wlrTuM; T' X 
movement. Both the beetle, and their larvm Th' 

the head aud with weU-developed .I'll h."'ug“Xo 

only o"e '«vm i„ which 

Brivht onr*"‘il ’X (Tiger-beetle,). 

(W purt^ W clypeu, 

iosertiou of the antennm ihe^Iali X”**'”® •“•««% t" front of the 
mandihle, are large aud ’are art “ .-'n® ^‘’“® “tiaight. The 

Tt. dytr, ofte. brilliantly cckZiZd.^ 

G 2 
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This fftmily includes some of ih* mAii» «• »• 
beetles. They feed upon insects of all kinds The "*?’* ««n>‘WOtt9 of tho 

pound where they lie i„ „ait fpr their pty. A spectsTa-aV^ 

destructive pest in the rice-fields Invesf!^,*- L«ptocons^ amta, a 

of ose fcpine *■'' •!■"» «>« fei. 

Ifrinj CicMtUs havo.be!i> collectod prarticallo °n*ii' “ 

<H« ..biect of the perticub, species"" 
trtether they coniine themselves to ceruli aonr”*'"’ 

fong^efsed CWedefe H " "“'.'f'<*•'*>« «» 

nwocdsoftlie Sinkos, Reidak and oth.r rt ° Plentifully on the stony 

from the Bhutan Hills A®**™ near their debouchment 

TIi#»«a k ^ —Caradtda (Grouud-beetles). 

homobWIy, They ace usuany blue or . "» 

hmau, aadTp ,0, au JI a “ “ «■' i" 

?ery ^tve and run rapidly ^ ^ ‘ P*' 

A species named Calvsoina \ 

young of the locust, Acridium “P’" “'® 

Several othe species are verv commA^ • i * large numbers, 

Ikrge Carabid beetle, Arithil sexgutMllL 'i!:o7*‘*itr'‘'‘‘*^‘**^ * 

on its elytra, feeds on the larva* nfru i. i ’ creanrcolpured blotchey 

Wam’mak I, .Moh 

ewimihinj in cWee h WWigig,, CycfWie. ,een 

CjrfcW/tmfflfa common fn Bengal. ^ predaceous water beetle 

C lu.VtCO TA id. 

... «'’.«-joinleil. Anteuu, thicker at the tie « • ■• ■ 

All the pjirts of the insAre« ;« hu; at ttie lip or knobbed. 

mipieropi. ‘ grouo may vaiy, exceptions beKng 

.4^; s,";i i‘tr. 

nVdt ? ‘'I' o' •« »«« a»«th “»to 

rioe tatk-bo^ beetlea vador the bark of bhie 

tb, tri b.rk.bor.rl''''soIe"L ui* "“k 1 
again are -caraivorous. ^ . 
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144, 

145. 
I4& 

147. 

148. 

148. 

160. 

161 . 

162 . 

163. 

164. 


Xyhirupet pdeom, a, i, 
rinufcd the beeUe. 

CfiMtA 

ffeiororriina ittitri. 
Cuindtla pune/a/a, 

Cie$iidtla oeienolata. 
CUmoma orieiUaUt 
Antkia urguttaUt, 
CyhuUr /imSa/a. 

Silpkt Mratpihta, 

Staphylima sf. 

StapAyliiut t tp. 


portion of a PoxitcinHix Tfgui Bcedlin^ 
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Family VI Silphidse (Carrion>be€tIes) 

AiitcnAsc'cI&Vcitc ot Et IcEst flattened at the tips In some fornix 
the elytra cover the whole of the abdomen ; in others its tip is loft 
.uncovered These beetles are as a rule can ion-feeders. The genus 
Stlpha has slightly clavate antennae elytra covering the whole of the 
abdomen, and the body of a flat, oval form. The larvae are broad 
and flattened, and find their own food, it is not stored up for 
them by the parent beetle. Both larvae and adults feed on dead 
animals. The Burying-beetles {Necropkorus) have markedly clavace 
antennae, elongate bodies, and short elytra, usually coloured in red 
and black bands, leaving the hinder end of the body uncovered. 
Several generally unite to bury small mammaliai etc*, removing the 
earth below the carcase, in which they lay their eggs. The larvae 
are pale and large, possessing legs and eyes; they feed upon the 
carrion buried by their parents. These beetles may be seen in the 
forest at work in this way Fig. 152 shows Stlpha ietraspiloia. 

Family VI I.— Siaphylinidm (Rove-beetles') 

dis 1 1 n u ished by the small size of the elytra ; the 
larger portion of the abdomen, which is very moveable,, is not covered 
by them but has a deposit of a thick layer of chitiil on its dorsal 
surface. The hind wings ate folded under the elyfra. The body id 
elongate or ovoid and antennae filiform. Some of these; beetles run 
with great activity The adult, generally lives upon decaying plant 
and animal substances, often feeding upon small insects. The larvae 
are like those of the Carabidaej but have only a single claw on each 
foot. ^ They have two-jointed cercl at the end of their bodies. They 
feecieither like the adults or are predaceous. Numerous mature beetle 
forms, believed to . be predaceous, have recently been found by 
the writer in the tunnels of bark and wood-boring Scolytid® in 
deodar, spruce and blue pine, etc., and it is probable ' hat the family 
.will be found to be of considerable [forest importance in this respect. 
^18*, *53 shous Staphylina sp, predaceous upon Polygraphus and fig. 
*54 Staphylina sp, predaceous upon Scolytus. 

Family ^WX.’-Histeridx. 

Compact beetles, with a hard integument, often shining; short, 
ben antennae ending in a coinp^t club j the elytra leave two aegments 
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of the body exposed. Abdomen with five visible venfri>i 

borin^, iiecS; rhes; wng""etv flaf’? 

cylinders, coDstructed (or^enlering the buriowro'f ■’ "* T®" 

able to verify the fact in seve^It ^ ® 

species of this family living under bark^an? ’ below, that the 

ants nests probably devouring the larv* spefferii I In" 

company with Termites. species live in 

■ 

From observations made during the last few rears it hs.« u l 
members of this family plav an Imnnrtawt ‘ "®® been shown that 

wood-boring and bark-bori^g beetle of the fam-r ‘*’® "“""bers of 

Species of Histerids {Teretriosoma cristatu • # Bosirtchtdm and ScolyiidtB. 

ha« been ,„™a in 'r ”*• 

Si.^ In the Cl,™/ hCerri-iT.^' , 'ba *~>d of DM^gla 

•hining, bUekS5« "*® '"““•'O" (“« p- *9) These hieterid. ere snudi, L. 

the Tw'J ro' In hi * '?'™bling the above, b predaeeous upon 

the d,.genufon 

P’la'yrenio ep and "^T 

■laborer, ,ffy;„to tip. and JtkyneWo. ep. hr./.Vn. b a g^Trf “cvl'hXv t 

P’olygm/kor, Hylales .„d Rky,,kolu, LJL 

a heeUe of dinilar ehapo, hot vith a red abdoinen ‘ 

.bark-borere Syk^ryf.. ^ 

n est the sAI tree in the Siwaliks and the Anogeissus in the Coimbatore forests.'^^ ^ 

Family y^.—mtidulidx. 

Antennae have a three*jointed club; all the co^ ^ separated and 

has an external prolongation; tarsi five jointed, the fourth joint 
being sutler than any of the others ; abdomen with five visible segi 
imnta. The habits of these beetles are very varied, some live in 
flowers, others under the bark on the sap of trees, others again in car¬ 
cases. One larva causes much loss by living in the flowers of the 
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mustard (rape) and prevents the seed forming. It pupates in the 
ground. Another one feeds upon turnips. Many Indian forms will 
doubtless be found feeding upon the sap of trees on newly cut stumps, 
etc., and should not be confused with bark and wood-borers. 

CarpophUus flavipes (fig. 159) and other species of minute flat brown beetles are 
to be found commonly feeding at sap beneath the bark of felled sal trees in the 

Family X.— Tro^ositids^. 

^ These beetles resemble those of the above family. Some are of 

Sie/w: U K straight- 

, ck beetles^ with large well-marked antennae, mandibles which 

ri'dopd '“crease in thickness upwards, and deeply longitudinally 
g (striate) elytra. Some of the members of the family arc 
predaceous both in the adult and in the larval stages 

H»ctafthrumhrevif^^^^^ colour a little over 

btockrf been bred out of a 

block of Shorea assamtca wood where it was thought to be predaceous uoon a 

wood and bark-borers. ^ Pr«laceous upon several scolytid and platypid 

Family XL—Cn/ye/nV/^ 

(our-joinicd ; the front 

«« Thl'LT'.r 1°“'''“* abdominal segmenta 

z J^diXirt” it" “"'"Td.« r- 

benratl, the bark of tr«s ^ found 

«. vary «H«, both wid SI" ^fa“T 

and bark boring in«its. * ae of wood 

anal* In^Si^oJd ** *** ’ ***’ feeding upon SUoxylon 

attacks and lays in' [j] cfes«ly allied family Cucujidae. It 

exceedingly varied. •"scuits and also in books in India, its food being 


I 
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Family XU.— D^rme&ttase. 

Small beetles, with defiexed heads and clavate antennae; the surface 
of the body is covered over with small close-set hajrs. Both 
beetles and larvae feed upon dead animal substances, such as skins, 
etc*, and are often very injurious to the latter. The larvae and beetles 
issuing from the skin of a newly shot animal that has been left 
untended for a few days are Dermestidae and will not unlikely be the 
common species Dermestes vulpninus (fig.. When full fed 

the larvae hide themselves away, some times burrowing into hard 
wood- They do damage in museurus and to stored hide goods, boots, 

etc.* 

Serricornia* 

Antennae usually serrate along their*inner edge. Other charac¬ 
ters may be variable. 


Family yilW.—Bostrichid^ (Bark and Wood-borers). 

Usually small brown or black beetles with straight antennae which 
are often lamellate at the top (fig. i68, c.). The prothorax is often 
furnished in front with protuberances and the elytra behind may be 
truncate and furnished with small spikes. Tarsi five-jointed but the first 
joint is very short; front coxae are prominent and contiguous and extend 
very little transversely j five ventral abdominal segments are visible. 

The l^vae are white, have three pairs of legs and have the 
posterior parts of the body-incurved {cf. fig. 48, a). The pupa has 
tlie general appearance of the beetle but is • white and the antennae, 
legs, and immature wings are pressed against the chest and sides, 

fig* ^8, b# • 1 “ "L I 

These beetles tunnel into dying’and dry wood, m which they lay 
their eggs; the larv* on hatching out feed upon the wood. The 
insects are at times present in such numbers that they entirely riddle 
and destroy the timber they infest. One or two members of the family 
have already proved to have a wide range in India, such, for instance, 
as several species of Dinoderus in: bamboos,, and Sinoxylon in the 

wood of broad-leaved trees^_ ___ , _ . . 

• To protect saddlery,'^!^, when stored away from such peste, the articles should 
be placed in tin-lined boxes, and plentifully besprinkled with napkhalme before 

the case is sealed up. 
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The two common bamboo-borers in India are Dinoderus pilifrons and D, 

mmuiust the first attacking bamboos in the northern 
» !>»“ »< •!'<’ ^ ■»« “»nd in thn »nth.tn. 

They are small brownish beetles about one-sixth inch 
long and cylindrical in shape. The larvae are yellowish white, corrugated and 
curved. Neither of these beetles apparently attack green growing bamboos. As 
soon as they are cut, however, or very shortly after, the beetles make their 
appearance (the species attacking varying according to the locality) and tunnel 
into the wood of the wall of the bamboo (or right down into the wood structure 
if solid) and lay their eggs there; in the case of D, minuius the number laid is 
about twenty. About a month is spent as a larva feeding in the woody structure 
and two weeks as a pupa, a generation taking about six weeks to two fnonths to 
pass through. D, tpilifrons (fig. 164) passes through four and minutus about six 
generations in the year. They hibernate as eggs or larvae in the winter. These 
insects cause an immense loss yearly in India attacking all bamboo structures and 


entirely riddling them. Their presence is easily discernible owing to the 
appearance of the ** shot holes ** in the bamboo and to the piles of sawdust which 
they eject from the holes. Soaking the bamboo in Rangoon oil for forty-eight 
hours or so is a good preventive » Fig. 48, a, b, c, shows D. minuius and fig* 165 
pieces of attacked bamboos.'f 

^ Dinoderus distinctus attacks the twigs of the mango tree in the Dun plateau, 

laying her eggs in them in April. The larvae on hatching out feed in the wood 
and kill the twig4 


Sinoxylon crassum and S. anale, both of which have a wide distribution in the 

Lite.hUto,y of sino^yhn cr.,. considerable damage to wood stacks in the 

ttm, Changa Manga plantation, and these beetles will 

always have to be reckoned with in fuel and wood 
depots. At Changa Manga this beetle makes its first appearance in the year 
about the beginning of April and burrows into the sissu fuel stacks, consisting of 
the wood cut over between the previous November to March; this wood is 

collected and slacked upon the adjacent compartment lines to allow the fuel to 

Eggs are laid by the beetles which hatch out into small white grubs within 
a few days. The larvae feed entirely in the wood and lake about six weeks to 
become beetles. The^ beetles emerge from the wood in July and at once lay the 

eggs of another generation in Suitable wood, these eggs giving rise to a second 

^eration of beetles in Septorober-October. These beetles hibernate as such in 
the wood through the winter. In yarmer parts of the country there are probably 

. Preservation of Bamboos from the attacks of the Bamboo 

oeewe or Shot-borer. Indian Foster. XXIX, Appendix Series I. 

XXX1| 

** bamboos~and this applies equally to polet—should 
^ ? *** ** ^ter for a few weeks or smoked so as to dry them quickly. 

♦ On the Bostrichidm of the In^ Region.—Indian Museum Notes, Vl, pp at - 34. 
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at least three generations of this pest in the year. S. 

wood than its companion and has probably a 

vMt V\e 166, fl, b, c, d shows the larva, pupa, and beetle of 

Ld fig. 167 a piece of attacked wood* S. erassum al« tunnel, mto the w 

of Tcrminalia tomentosat and into salt twigs in the Dun^t Bomhax 

Hcterohostrichus «7«aKs (fig 168) bore, into and riddle. 

in Malabar I**-'’'' 

;:::ldrro id "ddU, .h. ban.b„ D;nd,.calan,u. «ric.a. in C»«..i 
Provinces. FAMILY 

Tarsi five-iointed, the first joint not reduced in siie, often longer 
•b n ,hn «cond • tent and middle co.« small, nol lr.n.«,.elr 

"d; Eve visible ventral regmenls. "e-e .1.., 
the thorax i, hood-lihe 1^^^ .hicE 

and there are j m ,ntennm and mouih part! ran 

ratotvld rntln^Lr^: .be rbeat. 

times so adapted that alllheappenag^s^ looks like a 

seed. In this (amily both the gtobs and ^^Vbod^!^ 

hole corres^nding to the maximum lan^^^ Anobiides, ere ineleded 

here. The FHinides are sometimes ,*iU„ j.,, i.u, 

matter, and attack T ve™r time in the adaM a«a*e- 

wood and apparently spend a very 

Family 

Beetle, vrlth very aot. C hX "be'^.rt 

.ny broad an d ahield..haFed and ij ejej^ y »« . _ _ 

nul NotM w tw 7 -Z** f VoL XX Vin, 

^ Vid, • Inwct Life in n Tsnntnsl • ?<«» - ««*• 

No. 8. Mni*« an Insect, tbnt slfeet Pofestry, ^ ol. 1 . p. 164. 

I ~.ii hn.v 

blMted stock end thoioufMy donn* ont fodowns. 





170 . Bom fruht^s u p<^ra Ufh , 

171. Th« BihcuU beeilc {^Lwm%^phlpt}t$ 

172. Latiod$rnuf uUMum (the CherOiK Bccilo). 

173. Glow«worm< 

174. yirf*fty (/irrici/a). 

176, «.//w (mala and fenmie). l u . v u 

176. Thanattmui hmalayimtu. *. a, beetle devouring a Scolyiue bark-boiinj, »*c . 

(to face page 91 
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the "*''1')’ ft'ached to 

and r,(I' I y ® meet 10 a hard and fa-it suture in the middle 

Seven visible ventral se^ment^ol fh Eyes are large, 

females are often »i„glC The 

flies^OLudX'f ' Tl“‘*r “t Glovworms and the Fire. 

worm the S the gW- 

t^han that of the mll'and m!y L^rvt'to ^tract I^h fl*“' 
the No«h. West Himalayas and V-Vd .T t-ottZ b™.^07"j 

half of th7et«r7tranvf' ' 'he basal 

Central Pros mces in luly anrAuZ 

Family XVI,— 

anteZ I'rf usnSlv “Z "“‘'r k "7 '“™ The 

tarans Is very^ZtZdTh • “"‘1’ 

Prolonged into membranous flaps. The insects have in some J 

S “ ThTo'“’■7'"'”“"•>«"« (cZ: 

y )• he Clertd 3 s are exceedingly predaceous and fh#»;r i 

are „ry acttve, being specially fond ofVood and blrtholg 

to their predaceous habits. A newly discovered species Tha«n • ^ 

tmalayensts, is predaceous, both in its larval and imago stages ^u^^^ 

North-West Himalayas. The following is a cummary of what ‘ j 
present known upon the life-history of this insect * 

The larva is an elongate, flat, pink coloured grub with a brownish head, well 

marked black mandibles, and the last segment of the 
-—- ^dy terminating in two amall black processes 

Dep. Notes Vol. I. pp. 313.3,8 j J.A.&B. LXXII, Pt. II. 3, (igo^ 
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points. The beetle (fig. 176) is an active, bright Coloured insect, with an 
ant-like black head and prolhorax, whilst the elytra are red at their bases and 
black anteriorly, the black being crossed by two white wavy bands. The 
abdomen beneath is bright vermilion in colour. The insect ishalf an inch in length. 
The beetles are to be found plentifully in June and July either on the wing or 
running actively about on the bark of coniferous trees (also oaks to a certain 
extent), such as deodar, spruce, blue pine, etc., searching for bark-beetles. As 
these latter emerge from and settle upon the bark of the tre«. the clecids seize 
and devour them (fig. 176), only the harder portions of the chitinous exterior being 
rejected. Inside the tree, in the galleries made by the bark-boring beetles and their 
larvae in the carabiun and sapwood, are to bo found the pink larvae of this clerid 
engaged in feeding upon the larvae of the bark-borers. It is probable that the 
predaceous beetle lays its eggs in the entrance holes oI the boring beetles,'and the 
young grubs on hatching out find their way down the entrance tunnel into the egg 

the tunnels letween May and October and it is not improbable that there are several 
life cycles in the year overlapping each other and that consequently the beetle 
is to be found on the wing in the forest during these months. The insect is 
polygamous and excessively voracious. The writer has observed it to feeid upon 
one cr more species of the genera Scolytus, Polygraphus, Pityogenes, Tonftcus, 
Hylastes, Rhyncholus, Diapus, and Platypus, all bark or wood-boring members of 
the families Scolytidce and Plapypoda. These beetles will be dealt with later on 

in this work. 

The importance of this Clerid is evident when it is remembered that Clertu 
formiearius is known to be of the greatest value in keeping down bark-beetles^in 
European continental forests. So great is the value attached to this beetle that 
in 180a a specialist was deputed from America to import it into that country in the 
hopes of bringing down to normal proportions some devastating bark-boring 

beetle attacks. , u 

Another species of Thanasimus (fig. 177) is predaceous upon the bamboo 

borer Dinoderus minuius in Calcutta. This beetle follows the shot-borers into 
their tunnels in the bamboo. 


Family yiVW.—Elaieridie (Click beetles). 

Small beetles wiifa a much sunk head and a square prothorax 
which finishes behind in two points. Legs short, and very rigid 

The orothorax is prolonged on the under side as a spine which fits 
Sa Thfe arraoge^ot i. to enable the 

insect to jump up into the air, when on its back, and so turn over 
again. When the prothorax is raised the spine is supported against 
the edge of the depression, and on its being allowed suddenly to 
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shoot back into the pit, the insect strikes the ground with consid.er- 
able force and is thus jerked up into the air. The click they make 
in this movement gives them their name of click-beetles. The grubs 
are called * wire-worms ' (tig. 178). They are long, thin and hard, and 
consist of twelve segments, with a flattened horny head and three 
pairs-of legs. The head is dark brown and the twelve remaining 
segments yellow to yellowish-brown. They can be distinguished 
from Millipedes (p. 168) in possessing only three pairs of legs, 
whereas the latter have two pairs of legs on each segment. 

Some members of this family are quite harmless, since they only devour 
decaying vegetable matter either in humus or in the rotting substance of dying 

trees where they are often to be found. Many elaterid larvae, however, are 
destructive as root-feeders, and it is in the forest nursery or in areas sown and 
planted up in patches where trouble may be expected from these pests. The 
grubs are very active and destroy much more than they actually devour, moving 
from plant to plant and cutting through the roots below the surface of the soil. 
In this way they may destroy, wliole lines cf young plants in a nursery. The 
larvae live for several years in the ground and probably feed during most of the 
time, growing to full siae very quickly and spending the rest of the time as a full- 
grown grub. Though constituting a serious pest in European forests very little 
is knownas to their operations in India. Recently, however, wire-worms (6g 178) 
have been, found attacking the roots of young deodar plants sown in patches and 
those of a dying young sweet chestnut which had been imported from England, 
oth cases occurring in the North-West Himalayan forests. An inspection of the 
roots showed that the dying condition of the young plants was probably due to 
the elater grubs. These grubs and the damage they are capable of doing should 
be borne in mind when seedlings are seen to be dying in the nursery without any 
visible cause apparent above ground. Fig. 179 shows a large species of 
taken from the timber of the trunk of a large Dalbergia sp. tree in Burma. 

Family XVm.- Bup.restidai. 

These beetles resemble the Elateridae, but they have not the jumping 
apparatus, the pro-and meso-thorax bejng firmly united. The beetles 
are often very brilliantly coloured with metallic colours. The lower 
wings are usually the same si*e as the elytra; the antennae are 
serrate, some of the basal joints being u.sually cylindrical. The 
arvae are soft, and white, with a horny iiead which is retractile, and 
an enormous prothoracic segment (fig. 181 , a). They have no legs. 

f abdomen are much narrower than the prothorax 

B y IIS c laracter these larvae can be always distinguished from 
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longicorn ones which they otherwise closely resemble. They usually 
live upon wood and do damage by attacking newly-felled or sickly 
trees, in which they bore large, winding, flat galleries. Healthy trees 
are generally safe from these attacks, but the moment a tree becomes 
sickly and weakened from any cause buprestid beetles at once lay 
their eggs in the bark and the larvse bore into the wood. These 
insects are numerous in India, but little information has as yet been 
collected on their life-histories. Most trees will be found to be 
subject to their attacks. 


Caioxantka hicolor is a large brilliant metallic green or blue buprestid with 
a yellow patch about the centre of each elytra. Its grub feeds in the cambium and 
sap layer of pyinkadu and other trees. This insect is to be found as far west as 
the Buxar Duars and Stretches down into Siam. Fig. i8o shows this buprestid. 
Mature beetles have been taken in May*June. 

The grubs of Capnodis sp. tunnel in chenar and poplar trees in Quetta, remain¬ 
ing chiefly in the sap wood and bast layer. Full-grown grubs have been taken from 
the trees in October. The beetles are very numerous in May-June and also in 
October-November. They probably issue irregularly throughout the summer 
and autumn months. Fig. i8i a, b, show the larva and beetle. 

A small buprestid named Chrysohoihris sexnotafa (fig* 182) is to be found 
commonly in the branches of the s4U it taking about a year to pass through one 
life cycle. The eggs are laid in the bark and the larva at first lives in the bast 
layer and then bores into the sap wood. Dying branches of trees are at times full 

of these beetles as are also the tops of felled trees. 

Psiloptera fastuosa (fig 183), is a buprestid beetle which has been reported as 
attacking teak wood at Nilambar, Malabar, Belionota scinttUans (fig. 184), 

a handsome beetle, lives in the Khair in the Siwaliks. • 


The larvae of a yet undescribed species are invariably found beneath the bark of 
deodar, spruce, and blue pine trees infested With scol3^td beetles, the buprestids 
coming in later than their companions. 


Heteromera^ 

The first and second pair of legs have five-jointed tarsi, the third 
pair having four only. 


♦ Vide Injurious Insects of Indian Forest^ pp. 42-45* 


PLAIE XAXIII. 
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PamILY TenchTtonidse, 

Very common beetles in India. Owing to their dark colouring 

and shape they have a general resemblance to Carabids, from which 

they can of course be distinguished by the tarsal joints. The louei 

pair of wings is often absent and the elytra are often soldered 

together. The larvae are elongate and cylindrical and are hard and 

have six legs, being not unlike elaterid grubs. Their food is mostly 
v'egetable matter, i«icluding grain and flour. 

They are often to be found beneall, the bark of dyin? or dead trees • it is 

T""’ both, feed up’on tl.e 

dying bast and sap wood or upon the decayed parts, or whether the^erubs 

themselves are predaceous. Fig. 185 a. b, c, shows the larva, pupa, and imaL of 
a tenebnonid common in sdl wees in Assam. Undetermined species havfal ! 

borne jears ago a species was reported as tunnelling into sandal wood^in 
Mysore, but the specimens .-ere in bad condition, and could not be identified. 

Family XX. —Cantharidge (Blister Beetles, Oil-Beetles). 

Head with an abrupt neck ; hind-wings usually present elvtra 
short and do not fit well together, but overlap; each claw of the feet 
has a long appendage beneath it. The beetles have a verv soft 
integument and they secrete irritating secretions which raise bLters 
on the skin. Some of the insects are wingless. The Cantharida feed 
upon flowers and leaves and frequently do a little damage in this wav 

A common one in India (MylahrU) has the elytra banded wiih „.ii 
black sWp,s. This 1. abew,, i„ kj. ol.c„ J.; prc“«,f,t dX 

the pericarp off and also feeding upon the pelals of roses hii? ^ s‘r*PP«ng 

flowwing plants. When numerous it causes considerable d.-imagrr,; The 
garden at this time of the vear Several “••‘mage m ihe aower 

CantUris autennalis, fig. 1 87. is to be found at timeT %ing fn 

in the North-West Himalayas in July. It is .1 brilliant metdiic green hand^™^ 
beetle, and feeds on species of Lonicera. handsome 


j ecramera. 


Four tarsal joints are presk nt on all the feet. Several of the fami 
lies of this group contain serious pests, both to forests and agriculture 
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Phytophaga. 

The head does not form a definite prolonged beak or rostrum; 
the three basal joints of the tarsus are densely covered with pubescence 
beneath, the third joint being divided into two lobes so as to allow 
the fourth joint being inserted near its base. 


Family y^X.—^Bruchidx. 

These are small unattractive beetles, having an extremely short 
proslernum and the hind femora more or less thickened. -The front 
of the head is produced into a short rostrum and the antennae are 
bead-like and straight, thus distinguishing them from the Cur- 
ctilionids where the antennae are elbowed. The larv® are little 
white fat maggots without legs and live in and feed on the seeds of 
plants, more especially Leguminosx. In India leguininous plants of all 
kinds are attacked by members of this family, and it is probable that 
the seed of leguininous forest trees suffers heavily from these pests. 

r^ecies of C.ryoi.rus, C. ,,n.gra. attacks the seeds o 
Tamarindus indica and also of Bauhinta racemosa pods in Central 
Thana, Bombay. The life-history in the case of the Tamarind is as 

follows 

The eggs are probably laid on the P®*!! 

March and May. .The larva hatching out makes its way 

...li'tffl.t' “e*-SS:: .hroagh .he pod and .,»».ls direcUy iate ^ 

Inapa. been found that none of the seeds contain more man one 

grub. When full fed the grub either leaves the and spins a do^ma ted 

sht. l^f^h. tJorwhKh'i, bre™ in ooloar and aW 

i inch in len^h, a g ^ egit hole is usually made 

oHL ^ skin and near on. .dg. o| the pod. Be.de, issue 
near ihe base oi « . Mav ,Fie. i88 shows this beetle. Since 

from the pods froin e rua . /\be Hfe cycle probably takes a year to 

there IS only one set P j ^ ^B^ubinia seed the lar^a entirely hollows it 

pa« through^ In the ^ species attacks 

out T,hhek in a similar manner. The seeds are large, flat, and 

the p^ oi i inches in length. The periods oi «ta^ in the 

insect and an Albiwia seed with a beetle emerging. 





Th* Stncbhvm 8II-^»opd borer 
Iatvm s Of lutl'tfrown Isrve } 
wMk old grubi in tlio outor i 


« outer itp-wood of ft liU ftteni- tAll figured nftt* ■tt)» 
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Family XXII.— Chrysomelidse (Leaf-beetles). 

Antennae moderately long, eyes round and do not at all surround the 
insertion of the antennae. The insects are small, bright coloured, and 
thick set. The head is usually partially sunk into the protborax and 
the insects differ in appearance from other tetramerous beetles. Both 
the adults and larvae feed upon leaves, and several do much damage in 
India by defoliating plants. The larva are small and active and are 
sometimes covered with spines on which they carry their cast-off 

^res^r'in th -ay be found either on the 

in the ^ ground, and several generations may be gone through 

inflictingTmlge. 

Weft USlvIf a willow in the North- 

feeds upon the leaves of 

P II* ^ Species of Halttcides (fig iQo) consumes the leavp* nf 

fnX Hm *»rv.d 

>i»™. «nd btad. ,p«s „ it7»toy 

Family Cerambyct'daf (Longicorn Beetles). 

■3,000 known 

■■SdJ" lT,t woll-markod 

siioulders to the elytra and a vertical or flat head TU . 
axe very lonc' conQi^fincr /\f i i- i • * . . antennae 

nodes Thev are h w ^ cylindrical joints, often tumid at the 

a^Uowad out ronod .ha insertion o( tba'^n.ann* Tha littTa 

beetles are of aff sorte of^^rnl?^’ ^ covered with hairs. The 

the Buprestida) H of 

on them. The thorax is snna f>aving hair in tufts 

cases spined (c/. fig igei ^ J fcylindrical, and in most 

ovipositor fJ44eS'in devices. tI 1^ '‘T® non-extruded 

The larvae ate »\J^ - crevices. The legs are long and strong. 
They have a broad head and'^o/ “c white and sott. 

tlwy oftarwi* JL,. !!'?*■*! f’' •>"P'*n‘W Inrva, which 

aegmants axe neariv .. i_-. _ ’.!/' * ongieoin larva the abdominal 
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and has four-jointed antennse [cf. fig. 192 c). The grubs often spend 
their lives burrowing up and down in the wood of trees, making gal¬ 
leries whU h have usually a squarer section than those of buprestids; 
before they change into the pupal state they enlarge the end of the 
tunnel and make a pupal chamber. This chamber may be either made 
in the heart-wood of the tree, in the sap wood, or in the bark. The 
beetle on maturing either bores its way out of the tree by the shortest 
route or crawls up the empty tunnel left by the larva to facilitate its 
escape from the tree. The pupa is white and soft and has the general 
appearance of the beetle, being unenclosed in any external skin. The 
legs and wings are held pressed down against the breast and the 
antennae against the sides of the body {cf. fig. 192 d). Three sub¬ 
families of this family are distinguished, as follows 

Prionides .—The front coxae are large and transverse ; the prothorax 
has distinct side margins. 

Ceramb cides .—Front coxae not greatly extended transversely; 
thorax not margined. The head is sloped in front obliquely, or at 
times is almo^>t iiorizontal. Palpi have the terminal joint truncate 
and the inner side of the tibia has no groove; small legs are just 

visible in the larva. 

Latniides .— Front coxae usually round and deeply embedded; 
the head is vertical, the terminal joint of palpus is pointed, and 
the inner side of the tibia has a groove; legs invisible in the 

larva. 

The Prtcnides are on the average considerably larger in size than the members 
of the other sub-families, and they include some of the largest of insects. Some 
have a ereat dcvelepment of the mandibles in the male sex, analogous to t ose o 
the stae-beetle of the Lucanxda. The larvae in various parts of the world appear 
to have been a favourite article of food with native tribes. In consequence of the 
destruction of forests that has taken place so largely m many countries of late 
vears these gigantic ceramb%cids have become much rarer. Acaniophorut serraty 
l>,rfiis (fie. I 0 S» is a large beetle who«e larvae bore into and riddle sAI wood 10 
Chota Nagpur. The beetle is found on the wing in June and on into August. 
The larvas probably spend more than one year boring and feeding in ihe wood. 

The modes of life of the larvae of the Sub-families CcTontbyct «s an atntt es 
»re various. Some bore up or down in the hard wood of trees and live for a 
portion of a year or for several years in this condition before changing to the beede 
state. I ho female beetle in others girdles twigs of trees and then lays her eggs 

in the branch above the gird'e. 
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Fic. x<>4. Same stem as shown m Ftg, 193, split down the centre A full grown Iwa pupating and 
ffeveral beetles ready to issue, but still in jj 7« in the pupating cbaoibers^ arc shown. The cnicareous white 
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The Ceramhvcides irclude several serious pests to trees, the following three 
being tvpical of the sub^familv. 

Hoplociramhyx spinirornU, or the .Singbhum sSI-borer. attacks the s4l tree in 

Ufe.h...a,y of Provinces and Chota Nagpur and in 

spinicornu. As'^am and the Beng-a! Duars sAl tracts. The life 

Ari^ V ^ e r- appears to take longer to pass through in the 

drier clirnate of Central India than is the case in the hot moist one of A^m. A 

SntrM Prorn*^?® required in the 

Mar^lTand or sick I v standing trees j they are scattered about singly, 

ch and again in May-Jun- being apparently the period of e?v.lavine The 

&?’r '’““'’'"ir»»' bo°f del' 

lnere«« groove out small eaPeries in the sap wood. As they 

anVik^ r ? ®®P destroying both it 

the chamber /eJ r “P * calcareous covering near the lower end of 

cover crawls uf the^ P“P®**‘ maturing breaks the 

cover, crawls up the larval gall ry and escapes from the tree. The grubs ornba. 

TheTZh P“P®’ ®o™c 2- ai months 

W y^g ^d nir '92 2 to f shows the 

SIS’Jd gi^b^^ sLo w^oT of 

tree.* ^ ^ *” *’’® P"P®' chambers in the interior ^ the 

Siwalikl^ltd !t« !P“'®®’ hohsericeus, attacks the sAI in the 

W«s L;r i f considerable numbers in the 

fbd. h * present observations go, the sub-family appears to contain 

the most aggressive of the sdl wood-borers. ^ appears to contain 

This IS another longicorn beetle, the Quetta-borer, which is extremely destnic- 

♦ 1 , K?*'*^**?^ tive to soft wood trees. Poplars, willows, and elms 

the Qoetu borer. form its host trees in Baluchistan and in these it lay. 

bark In MayTune. The grubsJ"r- '7“"’*^° ^ P'®'‘cmg through the soft 

ruditag it, cdtiiTiS d‘«st( s;"'S'.wi “ •"'* 

ft. «od ..d p.,... * thTtr« *?'» 

pupa and beedeandfie lova ^ ^ **>* •a'T^a 

the larva. This inseef In^ Jd • ^ . ***” ® poplar exhibiting the attacks of 

_ cte., in the station, that it became necessary to sacrifice 

Ho. ir, ijHiy. cscoptlon mde my Monograph on Some Atsam Sat Inseet*. For. Bulletin 
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a large number of the trees, which were felled, cut up, and burnt in the winter of 
1905*06, in order to save the as yet uninfested ones. 

The eggs of another beetle Plocederus ohesus^ are laid in crevices in the bark 

of Odina viodia, sAl, and other trees about March or 

the young larva on emerging first feeds on 
the bark and cambium layer and outer sap wood. As 
it becomes stronger it goes right down into the heart-wood 
of the tree, boring large galleries in it. When pupating the larva forms a peculiar 
solid calcareous cocoon shown in fig. 198 a, in the outer layers of the wood. The 
insect pupates in August and September, becoming a perfect beetle (fig. 198 b) in 
November, The beetle remains in the cocoon until March or April of the succeeding 
yes- to enable its outer parts to slowly harden, and then cuts its way out of this and 
out of the wood. Recent observations tend to show that the larva only lives about 
six months in this stage of its existence in the Siwalik forests, where it is very common 
in Odtna wodia and other trees. It is a very common beetle in many parts of India, 
Dialages pauper of which fig. 200 a, b shotvs the larva and beetle infest gteen 

felled and sickly sdl trees in Assam \Goalpira). The 
hiitory of the Dialogts interstices of the bark; the grubs 

on hatching out eat shallow irregular shaped galleries 
in the bast and sap wood about 8-12 inchts in length. They bore further into the 
sap wood to pupate. The top of the pupating chamber is closed with a white 
calcareous cap. Beetles appear in April 

The Lam tides are usually brightly coloured loiigicorns and would seem to 
contain species which prefer the softer branches of trees or the tops of young 
saplings to the hard wood of the stems. 

An example of this sub-family is the beetle known as the sil*girdter, Cahs* 
ierna scahrata (fig. 199), whose life-history is as follows :—The female lays her 
eggs towards the end of the rams in notches in the bark of the shoot somewhere 

near the upper end, either of a leading shoot or side 
of the SAi branch. The beetle then girdles the shoot below the 
rerrttf1,35 f cggs in. The aiioot dies above the 

girdle, and the larvx on hatching out feed on the dying 
wood thus provided by the female. They change lo the pupal state within this 
dead portion which will probably by then have been blown or knocked off the tree. 
The beetle emerges during the rains, laying its egtjs towards the end of this season. 

Another species, probably a Batocera, has been found peeling off the soft bark 
of mulberry in the Dun. Batocera ruhus infests the fig tree in Baluchistan, 

The genus Sitomaitum contains several wood-boring members. The eggs 
appear to be usual y laid upon the main stem or branch of young saplings and 
poles; the grub An emerging bores straight into the heart of the stem or branch 
and then tunnels downwards. If it is In a branch on reaching the main stem it will 
tunnel down heceirtre of that. In this wav saplings are killed and the wood of 
poles ruined^ although the tree may not be killed, A species of the genus tuonsls 
in sandal In this way, reducing or ruining the value of the wood. Anolher»ig, her* 
atum^ is known as the Kulsi (Assem) teak-borer owing to its killing off young teak 
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saplings in that plantation. This insect also tunnels into Dendrocalamus stricius 
in the Central Provinces and dry kiiair wood in the Dehra Mus'^um. in the laitcr 

case the eggs were probably laid in the green tree, the beetle issuing after the wood 
was cut. 

The grubs of the genus Xylotrechus usually feed 'n the cambium laver 
of green trees, pupating in the sap wood. Species are kn >vvn to attack p\ inkadu, 
sal, Anogeissus ( 7 ), Quenus dilatata, and other trees. Xylotrechus quadripes is 
the well-known ‘ coffee-borer' of Southern India. 

Rkynchophora. 

The head forms a more or less elongated beak or shout. The 

third tarsal joint at least is usually broad and densely pubescent 
beneath. 

Family H.WV.— CurculiontefcB (Weevils). 

The head is prolonged into a well-marked beak, called the ‘ rostrum 
which bears a pair of.elbowed clavate antennae on it and carries the 
mouth parts at its tipj the. antennae often fold back into a groove 

placed at the side of the rostrum. 1 he palpi are small and the labium 
absent. The elytra bend over the side of the abdomen. 

The Curculionidae are an enormous family of beetles, containing 
about 25,000 known species. They do damage to the wood, leaves, 
shoots, fruits, and seeds of^ tiees and crops. *1 hey have been reported 
in this connection from many parts of India. The larvae are white 
legless grubs which tunnel into vegetable matter of all kinds. 

7he Palm vieevil (Rhynchopkorus signaticollis) is a, typical example of this 

family. The female lays its eggs at the base of the leaf 
Llf^bistory «rf the Palm stalks on some spot where the stems have been iniured 

wttvM, Rhynehofihorut • a.L i_ i i *,i t . , iiijurca. 

or in the holes drilled by the rhinoceros beetle {Orycies), 

The larvs tunnel their way through the heart of the 
trunk and often kill the tree outright. The pupa is formed in a cocoon cf palm 

fibre in the burrow. The beetles fly at night, being often found in the day in 

the holes of^e rhinoceros beetle; fig, 201 shows the larva, cocoon, pupa, and beetle. 
The palms in the Saharanpur Botanical Gardens were badly attacked in this way 

some years ago, several being entirely killed, whilst others were so riddled {hat 

Aey had to be cut down. This beetle is a common and serious pest in parts of 

adrasi Bombay, and other places in India.* Its range is probably very similar 
to that of Us companion Oryctes. 

• Ihwe can be no doubt that iu valuable plantations the best treatment is t, at once cut oui 
an ivn eahrely all infected trees. Of course to secure permanent good this must be done 
tb^bont the whole of the plantations of a district or series of dUtricts, and not only in one 
or twok U these latter would soon become ro-infected from the aeighbouring intended areas. 
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Mahogany, Pmus khasya, and dhak have been reported as being tunnel led into 
by weevili* In the case of the former two the grubs feed in the bast, gnawing out 
large winding galleries in it. When full fed they eat ojt a chamber in the tap wood 
and pupate in it. Mg. 202 sliows Cryptorhynchus sp., the Pmus khasya w^tvil 
end figure 203 the galleries made by the larvse in the Last layer of the tree* From 
December to P'cbruary this insect is to be found in all the staget of larva, pupa, 
ard beetle in the hnsi and sap ivood of the tree. The insect has become a pett at 
Maymyo where trees have been killed by it. It it alto plentiful at Shillong.^ 

The shoots of the \\\\\'h 3 itr\hQo{DendracalamH$] are bored inlu by the weevil 
Cyrtotraciielus duxt and tops sb attacked die off 

In the Chittagong Hill Tracts a large weevil named Cyri 9 trach$lus hngif 0 t 

Attacks young muli bamboos (Afilocanna bambusauta) 

1^2 feet above the ground. The female, 
a large brown beetU with a long rostrurDi fairly long 
elbowed antennsc and enormously developed front legs, lays two eggt on the tide 
of the shoot towards the end of June, Only one of these eggs appears to dcvclof^ 
as only one larva is subsequently found in the shoot. On hatfhing out, the yoyof 
larva tunnels directly into the heart of the shoot and then burrows down ibf 
centre of it til) it reaches the ground level. It then moves back to near tht tap 
and cuts the shoot through all round below it; the top containing the grub Ihui 
falls to the ground and gets pressed or dragged into the rain-sodden soil, Thi 
larva then pupates within the shoot about the end of July and the insect remaiM 
in the pupal Slate alt through the heavy rains and winter months, the mat art 
beetle emerging the following June, This insect is capable of d«'ing a very cow* 
sidt'rable amount of damage to the bamboo, which grows over large areas in thi 
Chittagong Hill Tracts and country to the east. A severe cyclone swept wp ifWC 
this region in October 189/ and cleared a path ftif some distarree tbrovfli the 
forest in the hills. The succeeding year the muU bamboo came op in dense 
masses in this cleared area, and this abundance of their food plai^ proKeMy 
caused the severe attack experienced from this insect in 1899 and 1900, to Ijg. mxi 
all the stages in the life-history of this weevil are shown and aleo a timneOed Aoet 
of the bamboo it infests.f 

A large speries of this or a closely allied genus attacks tn a limflar mwMMe the 
large 4~ 5-foct high shoots of the CephatostHcbyum bamba> in the Lowwr Banna 
forests. The grub is well known to the Burmant who honC for It io ibe 
rainy months and eat it —h haoit which is also followed by ibe Chittagong and 
Lushai Hill people in the case of the Jiuli bamboo pest 

As examples of pure leaf defoliators^ where the leaf ii eaten at feed Iflr Ihw 
mature insect, the genera Mytl 9 c$rui and Cypkictrmi may bo fnoged Simn and 
Acacia are defoliated by the formw, the latter by the beetle wrarf# 

shown in fig. 205, whilst teak is attack^il in Berar by a specks of thw latttf* SBw 
fir is also defoliated by a weevil i n the North-West Himalayna 

* Ksdr Deportasstal Nete^ 1, p. ai- 

t Ibid, fps. 



?LATE XL 


J. ' 












* *■' 




- ^ 


ii 


R-'f v^ t. 


•I >. 


ji 




3 ^.; 


mm 


r- 


W-_r.4 /• 


7- 


b ; 








r'A’’- 
















..li 


1 r. .. 


jt ’I'i. 


J 


‘^r 

- - 




> ♦.''' 


. s 


Ij' 

1*^ 


'^T :■ ■?' ■^-. :r'. .■ v ^ ' -^ 

l' V v ■ ■ . ^ 


••■ /:■ 


f’... 


o " ■ 


; ./ 


V. 


X . L 

■'*■ -■ T ^ ■ ■ '■* w 7 ' ^ 

v\'r^ • 

■ ’■ *■; >■-.. 


i > 


r'lV 

ft. - 


/• 


fc: +5* ' - - * 

’^k 

' ■ ’ f<- ' ■ * ^ 


f*f. 




' ..'■i-V' 

'■* ■' '■'■ >■> \ 


i 


3 M: 

“ > 'i^ ^ I 


'-!f . 1 - 4 


■S! 




' -^vS#\. * w 

' \ ; ' jj.'V ■ ' 7 * ' 


/ • /. > ■ /&! 


V 

^ / V ' 

' -\ '“K** ■“ ^ 


■ t ■* 




\i_ J/' ^ 

: """ V. ^ 

fljy * ^ r 






> I 




rtf' 


4 -v i 






k r 






\ 


r T 


* ; 


V 


i\ 


204 


Wi temboo^^OTHn wh^ftL^egg’tre^Jd*b^ ’ '^i ^ Voung 

cut off by full-grown brva • thVl^f^a pu^^’y =/■ f'amb.U%hoo1 

hole cut from within on one side to nemit heetk ^^P®* covering with 

after emergence of beetle- ‘'"'"ffe • pupal covering 


f lo face page ro2 








I 


\ 



A MANUAL OF ELEMENTARY FOREST ZOOLOGY. 


103 


Another genus of small weevils named Apoderus defoliates trees for quite 
another purpose, to provide a store of food for the grubs. An egg is laid on 
the apex of the leaf and the latter is rolled up into a roll or ball. Species of this 
genus have been observed defoliating the sissu. Quercus incana, Q, dilatata, 
Primus padifs.hsiZGl Aho^€>$su$ lattyoliay etc., the insects observed being found 
in places as far apart and under as varying conditions as obtain in the Jaunsar 
Hills and the Sutlej Valley in the North-West Himalayas on the one hand and 
the forests of the Satpura Range in the Central Provinces and the Coimbatore Hills 
jn Madras on the other. In ovipositing the female deposits one ogg usually, if 
not invariably, at the apex of the upper side of the leaf and to the right of the 
mid rib. It then cuts the leaf across about the middle or near the base, either 
on both sides of the mid Tib, leaving the latter intact, or else right across from 
one edge to the other, leaving a small portion at one side uncut. The cutting is done 
first and the egg laid at the apex afterwards. The cut portion of the leaf is then 
folded inwards down the mid-rib and the leaf is rolled up from apex downwards 
into a little roll, the edges being neatly tucked in on either side. The roll hangs to 
the lower part of the leaf till it dries and then drops to the ground. The larva, on 
hatching out, feeds upon the store of food thus provided for it and probably 
pupates in the ground. Fig, 206 sho vs Apoderus incana one of these beetles which 
defoliates the Quercus incana in this manner and a portion of an attacked leaf. 

The seed of both oak and sAl is attacked by weevils and ruined 

A weevil known as Calandra sculpturata has been reported attacking the 
acorns of the oak, Quercus incana, about 80 per cent, of the seed crop of the trees 
round Mussoorie being destroyed in 1902. In this case the eggs are laid near or 
in the flower, and the grubs riddle the acorns. I mmature and mature beetles are to 
be found in these latter in June. Mr. B. O. Coventry was led to this observation 

owing to his noticing the general absence of natural regeneration of this oak. He 

collected a large number of acorns to test how many were sound, with the above 
mentioned result. The larva, beetle, and attacked acorn are depicted In fig. 207, 

The grubs of a species of Alctdes (fig. 208) live in and destroy walnuts in the 
North West Himalayas. 

The mango weevil, Crypiorthynchus frigidus, lays its eggs in the flowers of 

the mango, and the young grubs get enclosed in the young fruit, in which they 

burrow about and feed and finally change to pupae. The beetle on maturing bores 
its way out* 

The weevils may be said to merge into the next family, the 
Scolytidae, in the curious genus Rhyncholus of which a species 

{Rhyncholut sp.) is depicted in fig, 209 a, The beetle bores into the 
wood of dead or nearly dead trees, the species attacked being the 
deodar, blue pine, and spruce. The tunnel is carried down about 
an inch into the sap wood and the insect then turns and tunnels up 
the long axis of the tree for about a couple of iiichesi as shown in 
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fig. 2og b. The eggs appear to be laid at the end of this long gallery. 
The larva has not yet been found. 

Family XKW.—Scolytid^ (Bark-borers), 

bmall beetles, often very minute. Cylindrical in shape and gener* 
ally dark brown or black in colour* Ihe head is only prolonged into 
a very short beak and often not at all; antennae are short, with a 
broad club which is elbowed, and inserted close in front of the eye, 
the latter being often hollowed out to allow of the insertion of the 
antenna* The antennae do not fold back into grooves. They may 
be considered to consist of three main divisions—the portion 
joining on to the head, which is the lower part of the elbow, and 
consists of only one long joint called the scape 2nd^ the 
funiculus consisting of as many as seven joints or fewer; 
the club^ which may be solid, or divided by transverse divisions, 
and varies greatly in shape —vide fig. 210. The antennae are of 
importance since they are used in the classification of the family, 
These elbowed antennae and four-'jointed tarsi distinguish these beetles 
from Bostrichidae, which they otherwise greatly resemble. The 
prothorax is generally very long, often forming half the total length of 
the insect, and the elytra cover the whole abdomen. The tibiae are 
flattened laterally, and in the majority the front tibiae are set with 
spines on their outer edges (see fig, 211b) ; the third tarsal joint may 
or may not be bi-lobed. The larvae are small white curved grubs 
resembling bostrichid grubs, but differ in being legless. The pupa 
is white and has the shape of the future beetle, the legs, antennse, etc** 
being free. Fig. 212 shows larvai pupa, and imago of a species of 
Scolytus, Scolytus minor. 

These insects feed, as a rule, in woody plants, either in the best 
layer and sap wood or tunnel right into the heart of the tree. The 
female burrows through the bark to lay her eggS| and does not usually 
lay them in crevices outside, as is the case with buprestids and longi- 
corns. The beetles only appear for a short time for egg-laying, but 
during this period they are often present in large numbers. The 
majority of the individuals of a generation usually issue from the trees 
which have reared them about the same time and fly off in swarms 
to attack suitable ones in the vicinity. 
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The bark forms, those members of the family which lay eggs 
in the bast layer of the tree, as distinguished from the tree wood 
borers, may be either monogamous or polygamous. 

In the monogamous forms the female pairs either outside or 
inside *he tree and then bores through the bark and proceeds to 
make a gallery in the bast and sap wood, this gallery having a certain 
definite direction which is always constant for the same species. 
The beetle may take some days to prepare this* As she bores she 
makes a series of small depressions on either side in each of which 
as soon as completed, she lays an egg in a little mass of fresh soft 
wood dust. The grubs on hatching out eat out galleries which run 
at an angle from the mother-boring. When full fed the larvae enlarge 
the end of their galleries into pupal chambers, which may be either 
in the bast or may be bored into the sap wood \of. fig. 213). The 
larval galleries may differ in length and also in direction but the 
general * plan ^ of the egg and larval galleries is always constant for 
a particular species and different to those made by other and even 
nearly allied species. This is one of the most economically important 
characteristics of the Scolytidse to the forester since it enables him 
to satisfy himself as to the presence or absence of a particular 
pest in his forest by an inspection of the bark and wood, without it 
being actually necessary to see the insect himself. 

1 he entrance gallery through the bark may be commenced by the 

female who then attracts the male near the entrance hole and pairs 

with him there, or the male may bore a short way into the bark and 

eat out a small pairing chamber to one side of the short entrance 

tunnel. The female joins him there either by entering down his 

tunnel or by boring a separate entrance tunnel of her own which 

exactly hits off the pairing chamber. In each case, after pairing, the 

female carries or continues her gallery straight down to the bast layer, 

and then eats out the egg gallery at a right angle to the entrance 

one. The female usually remains alive for some time after egg-laying, 

crawling up and down the egg galleries, which she keeps quite free of 
wood dust. 


In the polygamous forms the male beetle tunnels through the 
bark till it reaches the sap wood in which it bores a small depression 
which is the pairing chamber, and there remains. The females either 
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come to him, entering by the hole he has made, or bore their own 
entrance holes through the bark until they reach the pairing chamber; 
•they are then fertilised and tunnel out galleries leading off from the 
pairing chamber. On either side of these g.ilieries they bite out small 
depressions, laying an egg in each. These depressions are not cut at 
such regular intervals as in the case of the monogamous forms, and 
when the male pairs with four or five females, four or five egg galleries 
thus radiating from the pairing chamber, it is observable that the eggs 
are often laid only on one side of the egg gallery (f/ fig. 214) If the 
egg gallery made by the female is a long one, she bores ventilation 
holes horizontally through the bark here and thereto the outside. 
These holes are so eaten out that a very thin layer of outer bark is 
left over them. This suffices to prevent predaceous animals, chiefly 
insects, from entering the egg chamber to devour the grubs. The 
‘plan’ of the egg and larval galleries is, in the case of the Indian 

forms at present studied * by the writer, always the same for the 
same species of beetle. The dead body of the female is often to be 
found at the end of the egg gallery as she dies a'* soon as she has 
finished this work. The egg gallery may or may not be blocked op 

with wood-dust by the beetle. , 

Other members of this family feed upon the wood only or Iheir 

larva require wood as food. The beetles bore through the bark down 
into the wood, the tunnel going straight in or at an angle. At the 
lower end they eat out several small offset tunnels in which they 
lay the eggs (c/. fig. 215); the grubs on hatching out either enlyp 
the egg tunnels or they are ' ambrosia ’ feeders and feed upon ceita.o 
togi «hicl> line or lii-e on Ae »dl. o( Ihe .eonel, bored b, tb. 

parents, which latter may have no off-sets {cf. fig. 216). 

The wood boring Scolytida may be either monogamous or poly 
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217. Portion of the trunk of a fy^fYi^Y/iVrwa badly infected by 

T t ench i \ ibe bark i^bows ihe curious “ weepings ” effect caumsd by the exudatioil 
of the resin from the entrsnee holes of the beetles. 

218, Brunch of Piinis Citcelsa infested w ith Polyaraphun major : the circular rime of 

white resin furrounding; the entrance holes arc visible. 

210> Examples of the 3 sub-families of the «i Solcjftu^ind leg; Pclw 9 rophmM 
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of whom bore under the bark in the bast layer, their excavations de- 

stroking this latter and leaving an indelible impression of their former 

presence either in the bark or in the sap wood, or both, of the tree, 

hen seveie attacks have been experienced, if the bark be removed, 

both it and the sap wood will be seen to be completely covered, 

sometimes from the top to the base of the tree, with the galleries 

0 t >e beetles and their grubs. Now, as in making each of these 

ga leries a certain amount of cambium has been destroyed, it therefore 

oUows that the strength of the tree has been lessened thereby, and 

w en the attacks are on a large scale the tree will die, The insects 

0 not usually attack healthy trees, but choose either newly felled or 

SIC y ones in which the flow of sap is less strong. When the beetles 

are very numerous, however, and no sickly trees or newly felled ones 

are available, they will attack healthy ones. In the first a.tacks 

num ers are drowned in their partially-constructed burrows by the 

ow 0 sap put out by the tree in response to the attack, but this flow 

ecomes gradually weaker and weaker, and the beetles finally gain 
the upper hand and kill the tree. ^ ® 

Scolytids can easily be 

distinguished by the following:— ^ 

turns yellow and commences to drop, 

{ 6 ) 1 he trunk shows on the outside beneath the entrance hole 
an elongate pear-shaped drop or tear of resin. Trees 
so affected are said to be * w eeping,’and when badly 

attached these ‘ tears ’ are very numerous and easily 
visible fig. 217). In the case of a branch the 
entrance hole is usually marked by an elevate circular 
nm of while resin as depicted in tig. 218. 

Little IS at present known about the wood-boring forms Thev 
a« very numerous and attack the wood in various degree of iryness 

reLh«i n * ’ I °‘"‘o limber which has 

reached a more or less advanced stage of seasoning. 

SCOLYtTni sub-families: the 

are eaaly distiuKuished h . ’ These sub-families 

^ by the different conformation of the end of 

m e«b i a. .,«i„ 
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Life-hlitery of Scolylui 

major. 


it from the toothed ones in the other, two groups (vide fig. 219 
a. 6 .c.). 

The SCOLYTINI can be distinguished by having the end of the abdomen 
flexed upwards and the tibiae are entire on their outer edges and end in a hook. 

The genus Scolytus, which confines its attacks to broad- 
leaved trees in Europe, has been found to attack the deo¬ 
dar in India. It also attacks coniferous trees in America. 

The following is the life-history of one of the Indian species, Scolytus tnajor^ 
Steb.* "the beetle is a monogamous one, the female pairing with the inale outside 
the trees. The eggs are laid in the bast and sap wood, and to do this the beetle 
bores horizontally through the bark until she reaches the cambium layer, the en* 
trance hole being generally beneath a branch or flake of bark. The female 
then turns and bores her egg gallery {320 a) in an upward direction, grooving both 
bark and sap wood. This egg gallery consists of a number of small continuous 
zig-zag curves taken verticOly up the tree. On either side of the groove 
indentHiions are cut and an egg is laid in each, from 60—70 being deposited. The 
lat v«, on hatching out, eat out galleries (b, b) in a direction away from the mother 
one at various angles, so that the figures impressed on the wood and bark consist 
nf a number of radiating larval galleries, longer than the female gallery, which give 
irr.i moLr T h,. pl.n of solUry. forn.,..g an 

ellipse {.vide fig. 320), is very characteristic of the genus Seolytus. The beetles 
oviposit towards the end of May. the larv» are full grown in a month, pupate 
at the end of the galleries ic, c), and the mature insects issue during June an 
lulv and at once pair and lay eggs, the latter producing a second generation of 
the pest the same year, i.e.. fresh beetles mature about October. A closely related 
Uecies Seolytus minor Steb., tfig. 212) smaller than the last, is usually found in 
Smpany wUh it and lives in exactly the same manner. Its galleries are smaller 
and fewer eggs are laid. Fellings in the deodar forests usually commence in 
April and continue on into the summer. This practice, in the cases w J * 
trees are not barked, assists the rapid increase of these beetles smee n«m^rs ^ 
newly felled trees are present in the forest at the periods at which the beetl 

"‘^^Anothr^'sp^^es of Seolytus. S. deodara (fig. 221 

^ ^ Himalayas. This beetle girdles green deodar branchy 

Ufe-hUtor, of Scoiytu. jn June and lays its eggs in the part of the branch 
iroiar,. above the girdle. The young larvae on hatching out eat 

1 •« thft bark and sap wood of the drying branch (fig. 221&); before 

pupating^ branch is to ensure the provision of dying wood for the 

iZm" Tto length of the lurval gallery is never more than 2—3 
ItatraneS^a are ae^uef feet In l«.gth. theleaect thu. grrdjm g 

--a., Cv^o/et/ggg destructor of Europe. For farther information oo «s 

life-hiitory. vide Departmental Notes on Insects that affect Forestry, vok . pp. 40 
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221. Sccfyius dfotiara, tf, beetle ; &, girdled branch with bark remoredi showing the 

girdle and galleries made by larTsc in wood above it. 

222. Sphttroirypti siwaiiJt^/isist iit larva J beetle* 

223 . phus tna/or* 

224. Pclygraphus Trrnehu a, larva, pupa ; female , male beetle*. 

223. Inner tide of a piece of bark of Finut Girardiana showing egg »nd larval galicnet 

made by this innccu 
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far below a point which would suffice for what its larvae require. The beetles 
mature and issue in July. There may be a second generation of the pest in the 
year. Both old and young trees arc treated in this way by the beetle, the leaders 

of saplings being often girdled and killed. e leaders 

The UVLESINl may be distinguished from the Scolytint owing to the abdo- 
men being flat beneath instead of flexed upwards, whilst the tibia? are toothed on 
their outer edges. This division contains both monogamous and polygamous 
forms. Species of the former, e.g., Sphaeroirypes have been found by the writer_ 

to give but three instances,-attacking s 4 l trees in the Siwaliks and Assam, and 

Atiogiissus latifoha in the Coimbatore forests (in Madras) in a very similar 
manner. ^ 


The male beetle tunnels a little way into Ihe bark and then eats out in it a 

Ufe-histor, of shHa.. ch^wher described above. The female bores 

otrypes siivaiikeniis. a separate tunnel to meet the pairing chamber, and on 

reaching it pairs with the male. She then continues 
her tunnel down to the cambium layer and mines out in this and the sao 
wood a short straight egg gallery parallel to the long axis of the tree. fVes 
are laid in notches on either side of this gallery. The larv® on hatching out 
bore away at an angle to the egg gallery, and ihe pattern produced is not unlike 

that made by a •S'co/ytns, but the ellipse is rounder and blunter, the egg gallery 

being straight. Fig. 222 a. b. c. shows the larva, pupa and beetle and fig. 213 the 
galleries in the bark. The sil beetle here described has three, if not four 

generations in the year. The species of this genus attacking the sAI in Assam and 
Anogeissus in Coimb.'itore act in the same manner. 

Amongst the Indian polygamous forest ffyUsini as yet known there are 
species of Polygraphus and Pityogenes, etc. Two species of Potygraphus are 
to be found attacking the blue pine fn the N.-W. Himalayas, and they also infest 

Uf.-h!rtory of Polygra. Spruce. The largest one. Pofygraphus 

fhui major. wfl/or, Steb., Confines itself to the tops and branches. 

There is a centra] pairing chamber made by the male 
from which usually three egg galleries are bored by the females. The larv® feed 
wholly in the bast layer, but pupate in the sap wood, boring a depression or hole 
in it. 1 here are at least three generations of the insect in the year. Fig. 223 
shows the larva and beetle. ' 

The life-history of Polygraphus minor, Steb., is very similar save that it 
practicallyconfines itself to the main stem of the uee, where it is almost invari¬ 
ably the companion of the blue pine Tomicus (see below). 

Another species of Polygraphus. P. Trencki, Steb., is a serious pest of the 

Life M.t»v rf Poioora P’"® Gevardiana) in the North Zhob pine 

forests of Baluchistan. The insect infests the trunk 
and all the large branches of the tree. The male 
bores down and eats out a pairing chamber in the sap wood. Three or four 
females enter and pair with him, the first and third carrying their egg galleries 
vertically upwards, the second and fourth downwards. The egg galleries are long 
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and have two or three aeration holes bored at ripht angles through the bark a 
th.n covering being left on the outside. This insect runs through three ol Li 

Slll>?de"e«ed‘bMhr‘fol^^" beeile attacks living standing trees s attacked trees 

j f , .. ' rig. 224 shows this beetle and ficr ft«as 

egg and larval galleries in the bast layer of the tree ^ 

r/third-ivScnofth h'^ joint is simple. &vSys°p«*iM 

ZdA™:: lift' '■ p°iyd-ou. ,»,; j: 

Atnonpt the former may be mentioned members of the eenu* rr«AW». 

I hese beetles are very minute, usually light brown or yellowish in colo^J^i 
often covered wit^h a whitish pubescence. They are generally to be found in 

beetleTboIe [hrotrh ^thrSrk"‘"f!^“ female 

beetles bore ihrou^ the bark, often entering by different holes. In the bark 

they excavate an irregular chamber after which they pair and the male leaves 

the tree The female then enlarges the pairing chamber and lays her ea« 

in u. covering them over with fine sawdust. The larva on hatching oS 

simply enlarge their chamber by eating it away on one or more sides. Several 
generations are passed through in the vear u ie r,«» l l. . 

^ improbable that it will 

be founJ that most forest trees ,n the country have a member of this genus 
prpent ,n the bast layer of their branches. Species have already been found 

and deodar. Fig. 226 shows the beetle Crypkalus 

Another monogamous beeUe of this group is a species of HylasUs ffig. a*,) 
Lif.-M,toiy of Himalayan 

oT r ‘he decaying and dLd 

• • j j j . , ^ P'"® ^"d spruce trees. The beetles oair 

inside the wood and the female then continues the tunnel and lavs eggs in smdT 

offsets eaten out at right angles from it. ’ 

An example of a polygamous beetle of this division is the Blue Pi„e Tamicus 
Life-history of Tomitui P“P® “"d beetle shown in fig. aftS m 

sp., tht Blut pint Tmiicut, Which IS at times very abundant in blue ' 

.... *?'■'«=* ‘he N-W. Himalayas and is a wurce "2 

very considerable injury to them. The beetles commence laying the first h^i. Vi 
eggspf the year at the end of April or in the first week of Mayf Tie malTb^ 
into the bast layer and makes a pairing chamber (p) in the sap'wood , the fem^T 
enter, and after pairing with the male, mine away from the pairing 
(fig. 229). their egg galleries (e. e) running more or less in the fong Mis i 


r. 


t^oi.6 uu lao ^niigoza t>ark*bonng beetles of Zhob by the antbor 
Departmental Notes on Insects that affect Forestrv. V«i i __ 
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tree; from three to five such galleries are made, eggs being laid in notches at 
their sides. The larva?, on hatchinif out, feed in the bast layer and sap wood. 
They pupate in the bast Fig. 230 shows a piece of blue pine bark covered with 
the egg (e| and larval (1) g.alleries of this Tomicus. Three, if not four, generations 
of these beetles are produced in the year, and at limes they swarm so plentifully 
that the inner surface of the bast and the sap wood appear to be almost black 
with beetles. 

Species of Tomicus, T. longifoUa, have also been found attacking Pinus 
longifolia and P. Gerardiana in the same manner. 

Pityogtn$s coniftra, Steb.. is a minute beetle.which has usually 5—6 egg 
galleries radiating in a stellate manner from the central pairing chamber. It 
often pupates in the sap wood, and is to be found in the blue pine, chilgoza pine, 
and deodar—at times in enormous numbers. It has at least four, and probably 
more, generations in the year. It infests all parts of the tree. Fig 231 a shows the 
beetle and, 5 , the egg and larva] galleries 

..lO'feWus is a wood'boring genus of this sub-family. It is very numerously 
• represented in this country. Xyleborus ferforans (fig. 232) obtained a wide 
notoriety some years ago owing to its habit of riddling the staves of beer casks. 
The same species, or a close ally, has . since been found riddling dry sil logs. 
Other species of this or allied genera have been found tunnelling into both 
green and dry teak, sdl, Terminalia, and other timber trees of the forests. 


Family XXVl.-^Plafy^od.T (Platjrpides ot some authors).* 

These insects are the most aberrant of all Rhynckopkora, the head 
being very short, flat in front, with the mouth placed on the under¬ 
side of the head, there being no trace of a rostrum ; the tarsi are 

elongate and slender, the third joint not at all lobed, whilst the true 

fourth joint is visible. The beetles are of a narrow, elongate form, 

the thorax being very long and the elytra broadly and longi* 

tudinally channelled and each curved round at the extremity forming 
a calliper-like arrangement. 

The grub is elongate, straight, and not curved as in the Scolytidse, 
almost cylindrical and legless, the head being fairly large and well 
developed. The body constricts gradually behind, the last segment 
being oblique and blunt. A flat plate of chitinr covers the thoracic 

segments dorsally. The pupa is elongate and white. 

_ _ 

From a study of numerous Indian species 1 am unable to look upon these insects 
in any other light than as a distinct family. Both in the strnctnre and form of the 
beetle and that of Its grub and pupa they differ markedly from the ScohUda, The 
difference is equally qoticeable in the habits of the two families. * 
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These beetles bore into the wood of trees and stumps, and are 
proving to be somewhat numerous in the country. The beetles drill 
cylindrical holes right down into the heart-wood of trees and then lay 
their eggs at the bottom. The larvae on hatching out feed upon fungus 
substances which grow in the walls of the tunnel made by the male 
and female beetles. It is owing to this curious method of obtaining 
their nutrition chat they have acquired the name of ^ambrosia' beetles. 

The beetles tunnel into green standing or felled trees and also 
into partly dry ones, but observations seem to show that' they will 
not touch very dry wood. The presence of the bark on the wood is 
immaterial since the beetles bore equally readily into the ends of logs 
as through the bark on the sides. 


During the last few years considerable researches have been made into the life- 

histories of species of this family. Newly felled deodar 

taliut^onfirM trees are at once attacked by a species, Crossotarsus 

cont/er(s, Steb., (fig. 233) in the North-West Himalayas. 
This beetle bores straight down through the bark into the heart*wood of the 
tree making a cylindrical tunnel in which both male and female beetles are 
to be found. The eggs are laid at the bottom of this tunnel in June and 
larvse are present in the tunnels in July. The beetles sometimes appear very 
numerously and attack the tree in company with Scalytus major and minor^ 


Another species Inf sts the spruce in the same manner. 

Platypus sp. is a common beetle in the Assam sdl forests where it tunnels 
into the wood ot newly felled sdl trees, or sickly standing ones, for egg-laying 
purposes. A generation of the beetle is to be found on the wing at the commence¬ 
ment of May ; the insect probably posses through 3 to 4 or more in the year. Fig. 
234 shows this beetle* 

One, if not two, species of the genus Diapus {D improssus) bore tunnels in a 
similar manner into the ban oak {Quorctts in the North-West Hima¬ 

layas, The egg tunnels are eaten out at the beginning of June, larvae being 
present in the tunnels in July. of which the fig 235, a, d shows the 

larva and beetle, bores into Shorea talurae in the Coimbatore forests in Madras. 


The beetle egg-lays in July, young larvae being found at the end of the month. 

Another member of this or a closely allied genus is Z?* (?) heritiera (fig. 236) 
a platypid which seriously infests sundri [Heritiera ItHoralis) in the Sundarbans 
in Bengal. At times this insect completely riddles the wood. The beetles appear 
in April and tunnel into the wood, their galleries going right down into the heart. 
A few eggs only are laid in the gallery. By June the beetles maturing from these 
eggs pair, and in their turn tunnel into sundri and lay eggs. There are therefore 
at least two generations in the year. The beetles will only touch fresh or com¬ 
paratively fresh wood. They will not touch dry sundri. 
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Other species have been found tunnelling into newly felled Nauclea sessilifolia 
trees in January in Tharrawaddv, into newly felled sAI trees in May in Assam 
and into Pinus longifoUa in the North-West Himalayas. The species boring into 
this latter tree was supposed to be in lentical with the ‘ Ghoon ’ or * shot borer ’ 
of the bamboo. Thera is little doubt that these beetles find out newly felled or 
sickly trees just as readily as the Scolytid bark-borers do. 

Family yfKSW.—Brenthidas, 

Elongate beetles. The rostrum is straight, not bent over at an 
angle as in weevils, and often very thick. The antenna? are not 
elbowed. This is a tropical family of beetles about which very little 
is at present known in India. Some are stated to be wood-feeders, 
whilst other forms are predaceous, their larvae entering the burrows 
of wood-eating beetles to search and feed upon their larv?e. The 
rostrum is often used for boring holes in wood or bark, an egg being 
subsequently laid in thp hole so made. The males of these insects 
often differ entifely in appearance from the females. 

A member of this family (Brenthus sp.) tunnels into sal wood in Assam; 
both grubs and immature and mature beetles have been obtained from newly 
felled and half dry trees in the latter half of Mav. A pupa and nearly mature 
beetle have also been cut out of the wood of Pterospermum aceyifolium in the 

Darrang evergreen forests in North Assam in April. Fig. 237 sho^^s the beetle, 

Brenthus sp. which bores into dead Terminalia tomentosa trees in the sal forests 
of tho Oun, United Provinces. 

Trimera, 

The tarsi are apparently three-jointed. Other characters are 
variable. 

Family ^^^W\,-^CocctntllidaB (Lady-bird Beetles). 

Small, often somewhat brightly coloured beetles with the elytra 
spotted; first two joints of the tarsi are pubescent beneath. Head 
is concealed by the thorax. Antennx are slightly clubbed. Thelarvm 
vaiy in shape and markings some beingsmall coloured grubs covered 
with spines; they are often very conspicuous. When changing to 
the pupal state they often attach themselves to a leaf of a plant, 
ne small division of the family are plant feeders, but the greater 
uk prey upon other insects and are exceedingly carnivorous, 

^ cy eatroy wholesale plant lice, scale insects, etc., which are in- 
junons to cultivated plants. In this way they do immense service 
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to man. A ,tady of thla family in India la likely to prove ol the very 
greatest use s.nce ,t ,s probable that it contains many membe.; 
"Inch are ,nost valuable alliea both to the forester and the agricul. 
urist. n instance ol this kind n-ill be given here, the life-hislory 

predaceous upon a 

Mcn^phlebu, scale insect. MonophUius stMingi, which during rLnt 
years has appeared in enormous numbers and committed serious 

injuiy in t le biwalik and adjacent sdl forests in the United Prov* 

inces and Punjab, 

The life-history of this predaceous beetle is very simple. The female Mono- 

Life history of Vedalia (see p. 164) first appears upon the leaves in 

GuMnii. the cold weather months, December and lanuary. By 

, j . , middle of March it is half-grown, having bv then 

descend^ from the leaves to the twigs. The small active black or gre^colured 

* 1^ ^ beetle are then to be found running over the trees andfeeding 

ski“n scale quite dry. leaving only ashrivelled 

T themselves to the branch by 

s o a small sucker-pad arrangement they have at the end of their bodies. This 

attachment -s so powerful that the scale, which is several times larger than the 

concinellid Jarva, is quite unable to drag the grub off and thus escape. Towards 

e en of March and on into April the larvae begin to change into small crimson 

pupaj. In doing this they hrst attach themselves to a leaf or branch by the 

sucker-pad and remain projecting out at an angle from it. After 24 hours the 

sk... splits down, shrivels back, and discloses the crimson pupa sessile on the leaf 

^ ® *’'® P“P® ®P”‘® (rent and the 

srn^l red beetle crawlsout. It is first covered with a white down, but soon lose 

his, and darkens to a dark red with six black spots upon the elytra. The beetle 

also feeds upon the scale. It pairs about the end of April ,nnd then lays eggs. 

The life-history for the rest of the year has not yet been .^tudied. Fig 238a shows 

the larva, b, a Ivva commencing to pupate, and a pupa sessile on a branch and 

c, the beetle. 

Other species of Corcinellidse arc Hippodamia varifgata var. Doubtedayi of 
which the pupa, in a twisted up peach leaf, and beetle are shown in fig. 239 : it 
is predaceous upon the peach Aphis of the Dun; Coccinella sepUmpunctata 
(fig. 240 a) which is of almost world-wide distribution j Hippodamia eonslellata 
(fig. 24ii) which is predaceous upon the Himalayan Chermes pest, Chermes Metis- 
piceaei and Cmlophora saueeti also predaceuns upon the peach Aphis of the Dun ; 
fig, 24 b shows the larva and beetle of this latter insect. 

Useful Coleoptera, 

The Lamellicoms include dung and other useful scavenger beetles, such as 
Scenhuut^ Amongst the Adephaga, the Ctetndeltdet and CaTobidee are useful preda- 
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ceous families containing many carnivorous forms. In the Clavicornia the Stlphidcs 
include the useful carrion and burying beetles and the Staphylindai, Histen'da 
I^itidulidiSf and Trogosttida containing numerous forms predaceous upon bark¬ 
boring and wood-boring pests. Under the Serricornin the larva; of the Malacodcr- 
mxd(B are supposed to be predaceous and the family C'leridse are likely to furnish the 
forester with several useful allies, Thanannmz htmalayensis, described s,s feeding 
upon several sc .lytid pests, being of an inestimable value in the forest. Some of the 
Elaiertda larvae may prove to be useful m this connection. The metallic coloured 
elyiraof the Buprestidis used to some extent in Southern India for ornamenta¬ 
tion purposes and also as Cdste marks, whilst the Canthartda contain beetles, 
such as the oil and blister beetles, which are used in medicine. Little is known at 
present about the BrenthidcB in India, but the family is known to include preda¬ 
ceous forms. The Coccinellidee are likely to prove of very great value as the 
family contains many exclusively predaceous insects. 



















Chapter VIII. 


Order VI.—Lepidoptera. 

This order comprises the butterflies and moths, both of which are 
very numerous in India. They are provided usually with four wing?, 

all of which, together with the body, are covered with coloured scales, 
those on the body looking more or less like hair. The mouth parts in 
the perfect insect are formed for sucking and are in the form of a 
coiled tube or proboscis. This proboscis is the characteristic feature 
of the mouth of a lepidopterous Insect, and owing to the possession 
of such a mouth the destructive powers of the adults are very limited. 
The head is small with two large eyes, and ocelli may be present. The 
antennse are simple and knobbed or pectinate. The prothorax is 
small, flat, and scaledike, and is attached to the other portions of the 
thorax The wings are various in shape, and the hind wing is sometimes 
prolonged into^a tail The wing is divided for purposes of description 
into the following regions: innei' angle, costa, outer angle, hind margin, 
anal angle, and inner margin fig. 24 )• The wings are always frmged 
with hairs. The legs are unusually long, slender, and weak, the tibise 
being furnished with spines In most moths the upper and lower wing is 
joined by a hook and loop arr.Hngement, the loop being on the upper 
wing and the hook on the lower. This is never present in butterflies. 
Tarsi are five-jointed The abdomen is cylindrical and sometimes 
flattened on each side. The males differ from the females in being 
smaller, more brightly coloured, with a thinner body, more highly 
developed antennae, and by having the body sometimes terminated in 
a doping arrangement for catching hold of the female. The eggs are 
various in shape and are often very elaborately marked. Practically 

the onlydamage done by this order is committed in the larval stage. 

The larva (24^a) has a cylindrical worm-like appearance. It consists 
of a well-marked head followed by twelve segments. The first three 
segments bear legs, which are jointed and horny, and are called 
thoracic legs ; next there are two small segments with no legs, and 
then four segments bearing each a pair of sucker legs provided with 
small hooks for clinging to leaves, etc. These legs are called the 
abdominal legs; following these there are two more legless segments, and 
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the last segment bears a pair of clasping legs. Never more thaneiglit 
pairs of legs are present in the Lepidoplera, though the number may be 
fewer and in this way caterpillars can always be distinguished from 
saw-fly {Tenthredinidie) larvae which greatly resemble them; the 
latter having always more than flve pairs of clasping le^s. In some 
caterpillars only the thoracic or pro-legs and the last pair of abdo¬ 
minal and clasping legs, are present (fig. 244), In a few cases the 
pair of clasping legs is absent. The head is furni-bed with a few ocelli 
placed just above the mouth. The antennae are short and three-jointed. 
The larva is soraetin es provided with silk, and there are then two small 
glands at the sides of the body, the silk coming from these in the form 
of two separate threads, which become glued together by a cement 
which hardens in the air; the larvae suspend themselves by this thread. 
There are nine pairs of spiracles (breathing openings) present, situated 
at the sides of the 2, 5,6, 7, 8, g, 10, and 11 segments (fig. 250 B, a). 
The anus is covered by a triangular flap. The larva is covered with 
hairs which may be few and small, or long and numerous; these spring 
from tubercles situated on the skin. Whilst developing the cater¬ 
pillar passes through a series of moults, 2—5 in number, but usually 4, 
during which it may change considerably both in form and colour. 

The larva pupates either by burying itself in the ground hanging 
itself up by its tail, making a silken cocoon, or external covering, and 
changing to a chrysalis within this [cf. figs. 242, 245)» rolling up the 
edges of a leaf and pupating inside (fig. 268), etc. The pupa is covered 
by a continuous skin which only shows the outline of the an'enne 
proboscis, eyes, folded wings and limbs of the future insect and the 
divisions of the abdomen below. 1 he proboscis may project a long 
way in some cases as in the Hawk M oths. When the insect is mature 
it bursts the skin and crawls out. I he wings at this stage are very 
small and soft ind crumpled up. After leaving the pupal skin the 
perfect insect hangs itself up head uppermost, and pumps fluids from 
its body into the wings so as to expand them. This process neter 
takM more than two hours, by the end of which period tlie wings are 
fully expanded and hardened and are ready to be used for flight. 

The length of the life cycle of insects of this order may vary 
from two weeks or less to over four years. In the latter case tte 
greater part of the time is passed in the larval or destructive period 
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of their life j this is important in the case of the wood-boring members 

of the order as it greatly increases their power of committing 

damage. Mimicry and protective resemblance is very marked 

amongst the Lepldoptera, and cases are frequent where a harmless 

insect assumes the shape, colouration, and markings of the noxious 

one in order to escape the attacks of its bird and insect foes. For 

instance, members of the genus Papilio often mimic the colouration of 
noxious Danaids, 

I he Lepidoptera are divided into the two series of Rhopalocera 
or Butterflies and Heterocera or Moths. 

-Rhopalocera or Butterflies.-Antenna; knobbed at the 

ip or thickened a little before the tip, without pectinations or proiect- 
ing processes. ^ Hind wings without a frenulum (the one or more stiff 

istles projecting forwards and outwards from the inner upper an^de 

o le ind wing are called the frenulum), but with the costal nervure 
strongly curved. The insects are diurnal in habits. Larva has always 

^•mVr.-HETEROCERA or Moths.-Antenns vary in form 

1 resent, and the costal nervure IS either not arched at the base or 

there IS a large margin both between it and the front margin. Larva 

may have less than 16 legs. ' ^ 

o 

Rhopalocera (Butterflies). 

Are of nttle importaflee in forestry as far as is at present known 
They may be divided into the following four groups 

(ij the majority of butterflies. The first pair of legs 

are modified, being pnerally smaller than the others an^d 
not used for walking; the tarsus often does not consist 
0 a succession of simple joints as is usually the case 
with insects. There is no pad on the front tibia. The 

IV <1 -y ■ ? ? j' 1°““^ cord. 

[to which the lea(.b0M, (toLTlht 4) TCJ 

'yciniJxmi LfcMntfy (lo which the Bine, and Copers 
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belong)* The Ljrc^otdi Vir^ck^lM it a ctHiiMa 

little \!olft blue or brown bnlierfltr of lb# ptalM of In4lo 
^47)* *rht b!ackUh«hfown larva feadi hi lb« fnll 
of pomegranates, loquat, griava, etc 

(ii) The front legs are Similar in form to the otheta ; Ihelf %3bJim 
have no pads ; the daw^ of all iho fert are Tho 

pupa is attached to the food plant b) a sillita cord 
round about its centre. The group inclad^t the P$4Hdm 
containing the Whites, Brimst<>fie4. Tlowdcd Yaflowa. etc. 

(iii) The front Irgt are like the other pairs tlnrif how¬ 

ever, possess pads, the claws are large aad oat biM* The 
pupa is naked and tied to the food plant hj leaaa af a 
silken cord round it Tr^ faoiiijr cdosiafiag 

of the swallow-tail but‘"rflKS. comes here F*g iS#® shows 
the larva, pupa and botteifl/ of P a/i/i# The 

insect defoliates citrus piants, hael. and £i&rfkms 
The larva mimtes bird droppings whaa jrooag 

(iv) The front legs are like the otbe“ patrt; their liblw poMeOi 

pads, the cUw 4 are small toothed at the haM» aad there la 
a hook at the end of the eSuh of the aeteeeoi. The 
chrysalis is rolled up in a leaf or other The 

family HEipiriiim or akippers a^e lec^sded tont® 
The caterpillars of the hespefid (?ee/ere . §45^ 

are very destructive to yovag cocoaael Ireeeia Non) 

Malabar 


Hetirt€€rM {Mothi) 

The series Heteroeera or Moth« »s a mwsr ^®portaat e®e •• fereeiry- 
Next perhaps to the great order Ce/r#jS/rra tSe aiotl^ cewtaw saw« 
of the most dangerous pest* the forester has to deal with Both ae 
defoliators, ^ood-borers, shoot mioers. aad seed destfwywrs^ thaee 
insects are to be found at wtwk in the forest and the deetrwet eo eueewd 
IS sometimes on a %ery large acale. The trees la ahefe lereeta dhw 
tricta, or even provinc ». are at times roaip-eiely defoUaled t 
sudden and large incrraacj m the awwhrrs o# carerptilii*, wiwB 

entire seed crops of valuable a^ciea mif he raioed hf ***^**^ 
the stftea The foHowiog famfbse are raaai Isiwil It is 





PUT£ 



850a. The AtIm Moth iAHaetti 0^ larva; d, leaf bound together with nlh 

forming the cocoon in which the pupa U encloaed ; moth. 
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thdt othcrsi at present considered unimportant) will) as our knowledge 
increases, need inclusion. 


Family X.^^Satufniidm. 

Large insects which vary a great deal; the moths have no frenulum 
and no proboscis j the hind wings have a large shoulder so that the 
anterior margin extends a long way up beneath the front wing as in 
butterflies. The wings often have transparent spaces resembling 
windows in them, The antennae in the males are strongly bi^pectinate 
and are often very highly developed. The larvae construct cocoons, the 
products of several species being used as silk. These cocoons vary 

greatly from a loose open net-work to a continuous, entirely closed 
chamber. The family contains some of the largest members of the 
insect world. The larva feed on the foliage of forest trees. 


A well-known representative of this family is the moih, Attacus Atlas, an 
enormous insect with a largo transparent window in each wing. The caterpillar 
is p^e olive green and lavender ifig. aso A), and has a peculiar conspicuous red 

"’*j a ****'*“*!’*'■• It is covered wiih prominent tubercles 

and fleshy spinet. 


Family W,^Botnbyctdsg (True Silk-worm 


Moths) 


L^ish moths with stout woolly bodies, with no proboscis and no 
frenulum to the wings. Antenn® are short and are feathered in the 
males. The larys are hairy and are gregarious. The pupa is 

formed within a silk cocoon, the silk of which has often a commercial 

value. 

nZ*'-”iI” '""Portant species in the family. The domesticated mulberry 

whose^silk is vL ! ^ ^ ®' silkjworms in India 

larger ouamitiM in 

ar/culi?vaJd „ silk-worra, Bombyx mori. 

of vatuaBle silk ™“>*>wry leaves, and a large amount 

^ Th I “ ®*»*a«ned from them annually. 

■ilk'J!!!!!!! Tachoid Ay and other parasites. The 

®" c«tor oil leaves. It has 

docid if thT^rfll "^ l"‘‘>»). and the silk pro- 

sllk.wnrmm ■« . 1 .* «0HfS# Assam silk. In the forest the moet important 
siiK-wertna ars tho tumr and Mtrge. 
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Life history of the Tuner 
Moth, 


1 he larva of the Tussey {Aniher^a mylitta) \< a brilliant green adorned 

with numerous tubercles. The moth is a large yellow 
or buff coloured insect, which can be recognised by 
its sliape, size» and the curious transparent glass 
window-like patches in its wings. The cocoon is large, hard and is attached to 
the f<.>od plant by a silken stalk of great strength, l*ig 251 shows larva, pupa, 
and moth of A* mylitta* I his insect is reared in the forests of the Certral 
Provinces, Chota Nagpur, and elsewhere throughout the central and southern 
parts of India. Phe caterpillars feed upon the leaves (#f Tey^niftdlioe totntH^osa^ 
sdl, Zizyphus Jitjuha, etc. The insect hibernates through the winter in the 
cocoon. The moths of the first generation emerge at the beginning of the rains 
(June) and lay eggs from which cocoons are obtained about the middle of the 
wet season. Moths issuing from these lay eggs immedia^eIy. These cgs*s hatch 
out at once, and the caterpillars pupate about the beginning of the cold weather* 
(October-November). Fresh cocoons for breeding are generally collected each 
March in the forest when the foliage is thin, and they can be easily discerned. 
These are tied on to the trees, the latter being pjllarded. 

The Muga {AnthercBa assama) is reared in Assam in much the same way as 
theTusser in Chota Nagpur as above described. The cocoon has no stalk, and 
the silk has a beautiful golden sheen. The insect is reared upon Machilus 
odoraiissimay Tetrantheya vionoptitalay etc. 

Forest revenue is obtained in various parts of India from these insects, and 
it is not at all improbable that, if the experiment were carefully conducted, their 
introduction might be possible into poor areas of forest growth in parts of the 
country where they are not at present found. 

This family includes a pest of the Ficus elastica^ a moth named Gunda 
whose caterpillar feeds upon the leaves of the India-rubber tree. The 
caterpillar is greenish-yellow in colour, and when full fed spins a white silk cocoon 
to the underside of the leaf. The moth is a medium sized one of the silkworm 
type, the female being larger than the male. Fig. 251 shows the mpth. In 
October 1905 the larva of this insect completely defoliated several comiiaftments 
of the Charduar {Rubber Plantation in Darrang, Assam, The caterpillar also 
feeds upon the pipal tree. 

Family \W*~Eupt 6 rotid 3 s* 

Small hairy moths resembling the Lasiocampidae {;oide infra)^ but 
the wings possess a frenutumi the larvae are hairy^ and these hairs oftco 
produce great irritation to the skin. The caterpillars are sometimes 
social in their habits and live together in dense webs on trees and 
plants or march about in processions^ when they are called 
** processionary caterpillars/’ Those living in dense webs on the 
other hand are called ^'tent caterpillars. 





Jint^eraa tm/liUa. The Tuner Silkmn. i r 
c. pupa taken oat nf the focoon; d, S .?d ■ 
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sHiitna. 

£utivopU fHXHor, tff larva ; A, moth. 

Pt^do^phinx d\»ci*iriga. «, larva ; h, pupa; r, moth. ^ 

Smropx,* atumui. «. larva in characterial.c powtion of r«t . A, cocoon 

moth. 
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Processionary caterpillars are not uncommon in India. Two instances of 
the annoyance lhe> cause may be mentioned. In 1891 a plague of hairy cater¬ 
pillars appealed in Shwebo, Buiinn. and covered the country, eatmg all hei bat^e 
and swarming on roads and in buildings in enormous numbers ; their hairs 
produced irritation and even sores on the skin. Moths obtained from these cater¬ 
pillars were ident fied as Evpterofe winor. Fig. 252 shows the larva and moth. 

Ihis family is therefore dangerous to ninn in a two fold manner. Firstly owint^ 
to the actual defoliation damage they are capable of doing; and, secondly, owing 
to the fact that when they swarm they become a veritable plague to man, bad 
sores resulting from the irritaiing properties of the hairs. Their dead bodies also 
choke up drains, etc., giving rise to noxious effluvias which are liable to produce 
pestilence, and in this way they resemble that scourge, the North-West locust. 

Of tent calerplilars a species lives in dense web tents on the Scmicarpus 

in the North Coimbatore forests. 'J he larvie apparently issue from 
the tent at night and completely defoliate the tree. 


Family IW.^Sphwgfda? (Hawk-moths). 

Moths of large or moderate size with frequently a very long 

proboscis and provided with a frenulum on the long, narrow wings. 

Bodies stout and often torpedo shaped. Antennas are short and 

stiff, ending in a hook at the tip. The larva is large and fleshy and 

generally remarkably coloured and is provided with a horn on 

the dorsal surface of the eleventh segment and has sixteen legs. The 

caterpillars do not Spin cocoons, but bury thems'elves in the earth. 

In the pupa the proboscis sometimes projects on the breast like the 
handle of a pitcher. 

The caterpillars of these moths feed upon vegetation, generally 

living upon the leaves of trees or shrubs. They are usually by no 
means plentiful. 


A species, named PsguJosphinx discistriga, defoliates the teak in the Melghat 

Lifehutory of Fscumkin:. bright-green in colour changing to 

ditciitrigu. dark yellow-green on maturing. In July 1901 it existed 

in considerable numbers on the frees, and a fairly large 
amount of defoliation had been occasioned by it. The same larva was also found 
In the Central Nursery at Poona, and it may .prove to be general throughout the 
Bombay and Central India teak forests. The moth issues about the beginning of 
August, and the pupal stage is probably a short ene.* The rest of the life-history 
has not yet been worked out, but the case U an interesting one since the hawk moth 

For further Information on this insect Depart men taFNotes on Insects that 
aflfect forestry, Vol i, p. 52, Hate II, Fig. i. 
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larvse are not usually to be found feeding gregariousiy together. Fig. a 53 shows 
the larva, pupa, and moth of this insect. 

Family V .—Notodontidse (Prominents, Puss Moths}* 

Obscure coloured moths with at times elongate bodies terminate 
ing in long large tufts of coloured hair (scales). The larvae are 
often very remarkable objects. 

The Lobster caterpillar of India (fig, 2S4a) is, perhaps, one of the most remark¬ 
able. It has exceptionally long thoracic legs, the abdomen is swollen at the tip, and 
instead of the terminal claspers it has two long slender processes. These peculiari¬ 
ties are greatly enhanced by the curious attitude taken up by the larva, the 
first five segments being held erect with the second and third pairs of thoracic legs 
outstretched; the swollen terminal segment is also held erect. This peculiar 
method of holding itself is probably maintained to protect the larva from preda* 
ceous and paras.tic foes. It has proved itself a serious pest to the tea plant, 
more especially in Ceylon, where it swarmed in numbers in 1902-3. It has also 
been reported as defoliating the cocoa plant and not improbably feeds upon the 
foliage of forest trees. Fig. 254 shows the larva, cocoon on a leaf and moth. 

Family VI .—Sessiide or jEgeriidss (Clear-wings). 

A comparatively small family of moths whose wings are without 
scales; the tip of the body is tufted, and the insects resemble wasps 
to a great extent. The larva is nearly naked and colourless and 
thus resembles a long!corn grub* It can be distinguished, however, 
by the fact of its having 16 legs. The larvae feed in wood and do 
damage to trees in this way. They invariably feed concMled in 
stems, branches, etc. 1 he pupa is furnished with a row of spines on 

the segments of the abdomen. 

The Baluchistan poplar*l>orer, TrockHiutn ontnaiimform^^ is an insect belong* 

ing to this family. The eggs are probably laid in the 

Uie-hi^tory rroeAiWuw bark of the tree attacked during October and .November* 

calerpillars hatching out either immediately, or 
more probably. In the ensuing spring. As soon as hatched they bore through the 
bark* In April, when about half grown, they maybe found between the batk and 
the wood. From this time onward they commence boring straight into the heari- 
wooa and remain tunnelling in this until September. The larva chang^ intoapnitt 
in Us burrow • insirte a cocoon formed of wood chips placed near the exit hol^ which 
is previously eaten out by the larva. The adult insect appears in O ctober. It greatly 
resembles in appearance the small Indian wasp {V^tpa einctdl* Fi g* 3 55 a*d show s 

* For a further account vide tniuriQus pp. 9 S' 9 ^» Figs. 62, 6j, 64* 



BftluGhkun Poplar- Borer ( 7rocA$Hnm omntUuBfttrmi^ / if, larva ; A, pupa ; fi moxh i 
piece of poplar Mtem Hhowing the cocoon in a larval tunnel. 

SS0# Tlie Sol Bag-worm (C/aeie varugata). a, larval case made of SAl leaves with luiva 

projecting from It; empty pupal akin of male moth projecting from the tarral 
caie or bag; e, male moth ; wingtem female moth. 
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the ldrva» pupa, moth, and a piece of stem of poplar tunnelled by this pest. In 1800 
the poplar trees {1 Pofiulus tuphraiica) suffered severely in Baluchistan from 
this insect. The trees were grown from cuttings, and when about two years 
old they were attached by the larva, The eggs must have been laid or, the 
bark near the ground, and the caterpillars on hatching out bored through the 
trunk and riddled the wood in all directions, the stems being generally killed off 
before they reached the age of five years. The roots were not attacked, and 
therefrom fresh shoots came up in the majority of cases, the loss experienced 
being the putting back of the plantation by several years. 


Family VII, —Psychtdw (Bagworms.), 

Small or moderate sized moths with imperfect scales and dusky 

in colour ; the sexes are very different, the female being wingless 
and sometimes quite maggot-like ; the male often has bi-pectinate 

antenn®, the branches of which arc sometimes very long and flexible 

The larva soon after hatching forms for itself a case of pieces of 
sticks, leaves, etc., in which it lives, carrying it about on its back 
like a snail in its shell. This case is always present, and the windless 
female moth never leaves it. Fig. 2s6a shows the larval case of 
Clania mriegata; it is made up of pieces of sdl leaves externally 
lined with silk internally. The larv® do damage as defoliators. 

A species of this family. Clania vanegaia, defoliates the sil tree in the Duars 

L(t»>hUt»rftfcianiav*Tiisaia. *" and also in Assam. The female lays her 

• -j .L beginning of March, within the cuoal 

shell inside the case. After laying these eggs h er abdomen becomes much relL 

insize, and she drops out of the case and dies. The eggs are smrtnth ii ^ 

from which larvm hatch out at the beginning of April. This is .he first brlT''; 
he year, and several others follow it through the hot weather and raL 

tour days after hatching out the young Jarv* begin to conslruct their cases with T 

The mouth of the case Is made flexible so that the larva can dra! Tn its Jh T 
protective purposes. As it grows older the larva feeds upon the older lea "I 

the tree. When about to change to the pupal stale the ca«e is fastened lo 

or to the bark and the mouth of the Case'S then closed. The larvrlrorn 7 

h.«l ao,n,.r* tasa. etoje. t, a »„« ifl ■ 7 

». .1... „»oa 

aTnn»! It has highly pectinated' 

hat some means of attracting the maU tn !.«■ j •• .** t*** female 

•«raciing tne male to her, and pairing takes place by the 
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male projecting the end of his abdomen down into the case, which latter the female, 
bein as m'^n ioned above, practically wingless, never leaves. 

This insect was abundant and committed a certain amount of defoliation to the 


fc/il in the Giima Reserve in Goalpara 
shows larva in case, empty pupal case 
hg* d, the wingless female moth. 

The larvae of another member of 

needles of 


(Assam) in May igo6. Fig. 3^6 a, b, c, 
projecting from the case, and male moth ; 


/,ift hiifory of Clania Crameri, 


the family, Clania cramirt^ feed upon the 
the Pinus longifolia in the North-West 
Himalayas. The caterpillars hatch out in July and 
at once commence to feed u]^on the needles of the pine, from which, together 
with pieces of the tw-gs, tlicy consli uct their cases. They remain fccd'ng 
upon the trees until NoxeiT^ber, 1 he winter is passed either In iie larval or 
semi'pupal stale. Perfect pupae are to be found within the cases in April of the 
year succeeding that in which the defoliation took place. The moth appears in 
June.* This insect occasionally does a greet deal of damage (matkcdly so in 
1898) to the P. longifolia by entirely stripping the trees of their needles ; such 
attacUsi in the weakened condition of the tree, are usually followed by the appear* 
ance of the Polygraphns longifolia and Cryphalu$\ bark-borers which complete 
the destruction of the tree [vide p. no, ante). 

The caterpillars of this moth also feed upon and defoliate the Casuarina plan¬ 
tations in Gan jam and elsewhere on the east coast of Madras. The insect here passes 
through at lease two generations in the year, caterpillars appearing upon the tree 
in April or May and again in August-September. The lan-'aj of the first genera¬ 
tion pupate in July, the pupal stage lasting a fortnight. The i moths on issuing 
pair with the $ in the case. I'he ? lays between 55® and 600 eggs in the 
rase. These eggs hatch within a week of being laid. The young larvsc commence 
to make the first case within 20 hours of hatching, using the epidermis of the bark- 
It is only later on that ihe needles nre used in completing the case. These 
caterpillars pupate towards the erd of Ocb.ber and in November, the winter being 
passtd in this stsge.J Fig. 257 show the larva, empty pupal skin and male moth. 

As the larvae of this family usually form their cases of dried tw:gs, moss, grass* 
straw, leaves, etc., they are generally often very difficult to see when amidst thrir 
natural si:rroundirgs, and it is probably due to this that at present so few species 
have been reported as doing damage in the forest. Many species arc known to 
feed entirely upon the leaves of woody growths (trees or shrubs), and the cases 
constructed are remarkable for their ingenuity and variety. 


♦ Vide Departmental Notes oq Insects that affect Forestry, Vol. I, pp. and 

Plate II, Fig* 2 a 6, c. 

f Vide Departmental Notes on Insects that affect Forestry* Vol. I, pp. 

♦ i/;.?.* PncnArina. insect oest of Madras—/iwffoa c ercwcr, A A i a* 



CImti/i tffMif/. gj itfvg 
mils moth. 
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Family VIII.— CosstdcS (Carpenter*\vorms). 

The Cossids are moths of large size having no proboscis. They 
have frequently a dense covering of matted, imperfect scales on their 
wings, the pattern being vague. The larvae are often large, are nearly 
bareofhairs, and have often very bright markings. T hey bore into 
trees, often making large ramifying burrows, and boring holes to the 
exterior from which the sap eNucies and runs down the bark outside, 

serving as an indication of their presence. The.se larvae often attttin 

a length of several inches and may live for several years in this condi¬ 
tion, mining up and down in the wood of the tree. The pupa is 
formed rvithin a slight cocoon of silk mixed with gnawed wood. It 

is furnished with spines along the dorsal surface of the abdomen by 

means of which it can move to a certain extent up the tunnel. 

This family requires serious study in Indian forests. One or two nests ar* 

already known, and it will not improbably be found that others are a serious 

menace to young saplings, attacking and riddling them before they have grown 
to a size sufficient to e.sca.pe damage* ^ 

The genus Duomitus contains some of the largest insects of this family, many 

UfehUtory of the • bechole- ' ^ 

borer of teak. at present known in the family is the insect which 

has been known for a number of vears as the ‘bee*hole’ 
borer of teak in Burma. Quite recently ii has been discovered that the cause of 
the bee-holes in the timber is the caterpillar of Duomitus ceramteus. The ec’cs 
are laid upon the bark of the trees, both saplings and trees of considerable size 
being infested. The larva on hatching feeds in the cambium tissue and sap wood 
e.-iting out an Irregular shaped patch. When full grown it is satiny white in colour 
with transverse dorsal pink stripes; it bores into the heart-wood eating out a 
tunnel about nine inches in length. This tunnel is always carried slightly 
upwards. The larva closes it by spinning over the mouth and at the upper emi of 
the pupal chamber a strong web of coarse strands. On becoming mature the 

pupa cuts through the strands, i^ggles down the tunnel, and projects from the 

tree (fig 258c) enabling the moth, which is brownish in colour, to escaoe THa 
tte. » not kUled by .hi. .„.ck, bM th. to ite 

covered over with later lasers of wood, and thus the timber of an apparently sound 
tree may prove to be full of •• bee-holes,” F]g 258 a shows the larva; b, pupa; c, d 
moth ; e, attacks of larva in bast layer; f, *bee*hoIe in t mber with larva in situ. 

The larvae of Duomtius leuconotus bore into and feed in the wood of Cassia 

r lu __la. . The eggs are laid on the bark of the tree by 

of Dimiftw ini. female moth and the grubs on hatching out bor« 

through the bark into the sap woo<J. When their 
tnandibles are sufficiently developed they tunnel right into the heart-wood of the 
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tree, more than a year being spent in the lan-al stage. They are bright orange 
yellow in colour# The pupal stage is probably only a fe^ weeks in duration 
Before pupating the larva takes its tunnel to the outside of the tree and then, 
backing down it, spins across it a stout covering of course hairs and silk t when the 
moth is ready to emerge the pupa wriggles up the tunnel and projects for nearly 
half its length from the mouth. The top then splits down, and the moth crawls 
out. The moth is a large, stout striking inject with a white thorax and greyish 
mottled wings. Fig, 259 shows the larva (half grown\ pupa, moth, empty pupal 
case projecting from a tunnel and portion of an attacked stem. 

COJ5W5 eadambe has been reported as attacking lopped leak trees In Trav 
ancore. The tree is found on considefable areas both in the luw count^'y and on 
the hills up to 3,000 feet elevation. The teak over this area is largely topped for 
fodder, and^n the rotten wood which forms by decay at the^e wounds, the OMMh 
lays her eggs about April. The larva is smooth, without hairs, and red In colour ; 
it probably spends over a year boring inside the wood. The tunnel formed Isa 
\^ ^nding one. The pupa is apparently not enclosed in a cocoon. It is spiny, the 
spines bemg made use of to enable it to work up the tunnel to the opening to the 
outside, thus enabling the moth to creep out of the hole originally bored to the 
outside by the larva for this purpose.* When trees are badly attacked they are said 
to die down, only the base of the stem remaining, which throws out suckers. 

The welhknown coffee^borer of Southern India, Zrairra coffgm, belongs to 
this family, the larva feeding in the coffee branches and stems, and, it is said, in 
the roots, and killing them off. It is also said to attack the stems and roota of the 
sandal wood, young saplings of this tree being either kMed outright or so weakfned 
that they are thrown down by the Rrst storm.t Fig. ado shows the lanra in a 
stem, pupa, empty pupal case projecting from woo«1 and moth of this pesL 

The writer has had an opportunity of examining both coffee and sandal wood 
in the Madras Presidency, both young saplings and older trees, and his ineestifa- 
lions, although they have not been carried fsr enough it present, le^d him 10 
suspect that the real pest of these trees and the one which causes the most rerl sw s 
injury is a lorgicorn grub {Cerambftidm) which attacks the trees in tlieir sapRng 
stage, and, usually starting in a brarK:h, work« its way down to the heart of the 
stem, perhaps hibernating in the cold weather in the roots. Whilst the coffts 
boring caterpillar undoubtediv does damage to both coffee and snndahwoed, 
investigations will not unlikely show* that this damage is by no menns so sewers 
as that done by its beetle grub companion. Since on the one hand c o ffeo boshre 
are killed off, or are so riddled by the gnibs, as to be oeelesa, whiln 00 the otbsr 
the tunnels in the heart of the sandal sapling although not hilling the piaat 
reduce the value of the wood for sale purposes when the tree is ffnaly cut user* 
it becomes obvious that it is imperative that the habits of these b orurs shsuM be 
thoroughly understood* 

* VitU Injttrious Insects of Indiaa Forests, p. losi, F|g. 67. 

t Ktd# Injurious laasds si Indian Vosnnta p* loa Fig. ML 
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261 . Ayhila fetro^ftis. dfkrva; h, pupae; moth ; a, covered* ways made on bark c( 
Item by the cate^illars (reduced); covered ways on a section of a stmr 
({rds nat. size). 
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Family YK.—Arbelidw, 

Allied to the Cossidas, Proboscis and frenulum absent. Antennse 
bi'pectinated to tips, the branches being short. Wing nervures less 
complex. The family is thought to have very similar habits to those 
of the Cowjflte, the larv® being wood-borers. One at least, how¬ 
ever, Avhclu ieitnonxs^ feeds upon bark, only boring into the wood 
of the tree to pupate. 

The caterpillar of this insect feeds upon the bark of the Casuarina tree. It is 

Uh-Uttoty/trhit Hirtunu, ®hundant in plantations growing on the east coast 

, , of Madras, both young and old trees being attacked. 

Ihe larva lives in a ‘covered way ’ made on the bark consisting of silk and drop- 

pmgs (see fig. 361). It is a flesh-coloured caterpillar with a black head and 
pinkish swollen thoracic segments which be.ir three pairs of stout legs; the 
segments have scattered hairs. Pupa yellowish brown, furnished with circula/rows 
of spines I moth greyish with dull brown spots, forming bands in places. The moth 
appears in June and July and lays eggs on the bark. These hatch soon after 
eing laid, and the larvae feed solitary upcn the young outer bark. The covered 
ways are commenced almost at once. When full fed the larva bores into the wood 
an pupates When the moth is ready to issue the pupa wriggles to the mouth of 
the hole. The attacks can be easily recognised owing to the presence of the 
conspicuous covered « ays upon the bark. Fig. 261. o-r. shows the various staves 
m the metamorphosis of this insect and the covered ways on thc outside of a stem 
Senous attacks of this insect were experienced in plantations in Ganjam in 1003-04' 
The insect swarmed in such numbers that it became necessary to modify the provi¬ 
sions of the working.plan and to cut out a large number of trees. 


Family lA.—Hepialidse (Ghost and Swift Moths), 

Moths of varying size, some being gigantic. The wings do not 
ht well together at their bases; no proboscis is present, and no fren- 
ulum ; the scales on the wings are imperfect. The larv» are nearly 
bare of hairs, and they live either in the earth, feeding upon the roots 
0 plants, or they burrow in the wood of trees and shrubs. The 
Chrysalis is generally elongate and cylindrical in form and very agile 
wing a considerable number of spines on its dorsal aspect; by the 

wriggling, to move a considerable 
distance m the tunnel in the wood. 

•” ““’"y "P”" O'' l»rk. Tha 

Vk T"' «' kapt 

comes out and feeds upon the 
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bark. It often builds for itself a covered gallery of silk and excre¬ 
ment, this gallery beingvery conspicuous on tree trunks. When a 

larva feeds in tliis wav the tree attacked will be often found to have a 

*■ 

juicy, soft succulent bark. 

Tlie larvae of the genus Phassus bore in the trunks of trees. 
Fig. 262 shows the moth Phassus signifer of Burma, 

Very little is at present known about the operations of these nioths in Indian 
forests, but grubs thought to be Hepialid have been reporred as boring into teak 
wood at the Nilumbur plantations and into young te^k sa ilings iii plantations in 
the P rome division. These reports require c^irelul observation and confirmation* 


Family XI.— Lastocampida: (Eggers, Lappet Moths). 

These moths are usually large, are densely covered with scales, and 
have no frenulum. The costal area of the hind wing is largely devel¬ 
oped. The antennae in the male are highly pectinate. These charac¬ 
ters render it easy to distinguish a Lasiocampid moth. There is at 
times a great difference in size between the and ? , the latter having 
three times as great an expanse of wing as the cf, The eggs are 
smooth and sometimes spotted in an irregular manner like bird's 
eggs. They are often covered with hair by the female. The larva: are 
clothed with a soft woolly hair as well as with short stiffer hairs. 
These hairs are not arranged in definite tufts and pencils, nor arc they 
as highly coloured as in the case of the larvie of the next family to be 
considered, the Lymantriidse, and thus they can be distinguished from 
these latter. The hair has sometimes very irritating profjerties. The 
caterpillai spins a cocoon in wluch tlie hairs of the body are often 
mixed. In some species the walls of the cocoon have a firm appear¬ 
ance, looking very like egg-shells, a.id this has probably given rise to 
the name of * eggers/ The caterpillars feed on leaves and probably do 

some damage in this way. 

An example of one of these Lasiocampid defoliators is an insect, by name 
Sunna concolor, whose larvae feed upon the leaves of the s 41 tree in the Siwailk 


forests in the United Provinces. 

The caterpillars of this insect are large, over 3 inches in length when full 
grown in October, and grey in colour, w’ith irregularly arranged tufts of soft hair. 

They pupate in November, spinning a strong hairy silken 

Life-huioty of Su»na cocoon on to the bark or a branch of the tree. The winter 

is spent in the pupal stage, the moth appearing abort the 
end of March. The rest of the life-history has yet to be worked out, but Ibe 



262 , Phaaut si^nifer. 

263 , Ttnhala yisAnu. 

264 , X^mamiria maihttrrf, 

265 , OasychitOf hoTsfitW\» 

266 Larva» pupa and noth o.l Sourmfi^ 
267 , Biston THfpwsaria. 
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f. male probably lays its eggs on or near the s 41 twigs, and the young caterpillars 

hatchmg out feed upon the new flush of leaves which appears in April. The moth 

■ s prey .n colour and answers the above description of a l.asiocampid moth.* 

ig. 242 shows the larva, cocoon, pupa, and moth of this insect. A Small f asio- 

tan.ptd moth whose caterpillar defoliates (sec below) sdl trees in Assam is Trabala 
Vishnu shown m fig. 263. 

Family XIt, LyfnantnidiP or liparidcE, 

Mostly small or moderately sized moths, without brilliant colouring ; 

whites, greys, browns, and blacks being the predominant tints in the 

family; the male ha.s the antennae highly pectinated. The larva is very 

hairy and usually bears tufts or brushes of shorter hairs, together with 

others much longer and softer ; these being sometimes amalgamated 

to form pencils, the tufts and pencils having a definite arrangement on 

the insect. The colouration of the larvae is often very conspicuous, 

the tufts and pencils of hair being of vivid and contrasted colours! 

This arrangement and colouration of the hairs distinguishes these 

larva from Lasiocampid caterpillars. Anyone going into a tropical or 

semi'tropical forest at the commencement of the monsoon will easily 

note the great variety and brilliant colouration of the caterpillars of 
this family. 

The larva form a cocoon in which much hair is mixed up. The 

pupa arc very remarkable, as they are sometimes also hairy, which 
IS very unusual in the Lepidoptera. 

This IS an important family of moths, as it contains species which occasionally 
increase m enormous numbers and commit great ravages. One of the first allu¬ 
sions to such an event ha vng taken place in an Indian forest is contained in a 

descnptio,, by Mr W B. hisher. t late Conservator of Forests, of a severe attach 
by caterpillars of this family in the sil forests of Assam. Thb occurred in 1878, 

the trees being completely stripped of all their leaves.' 
The eggs are laid by the female moths on the young leaves 
of the tree. 1 he caterpillars on hatching out at once com¬ 
mence to defoliate the trees, and in the attack in question 

an area of over 200 square miles of sAl forests was torn- 
pletely stripped of all leaves, the trees being rendered perfectly bare and the 
ground being strewn with their debris and with the caterpillars* droppings. 

In Mr* Campbell t reported an attack to have spread over 8co square 
miles in Assam, all the trees associated with the sil, such as B&mb^ md§hM€um, 


«ii4 L}m4Mlr m 


* Fid# Departmental Notes VoL I.p.sft 
t Kidf Indita fotetUr, Vol. VI, p. ,43 (1881). 
> /M, Vd. XXIV, 9 (189S}. 
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Cartya at^rea, and Dillenia peniagyna, etc., being also defoliated; at the tame time 
he noted that pure sdl forest had suffered more than mixed. In this attack the larvse 
first appeared in August, a second generation appearing in November, n third about 
the end of January, and a fourth towards the’end of March. The chief insect ret 
sponsible was a species of Dasychira, probably 0. horsJietdt (fig. 263). This insect 
was accompanied by Leucoma diaphana in August, by Trabala Vishmi (fig. 263) 
(Lasiocampid) in May, and by Lymanirta grandis in a\\ the attacks.* In 1899 
all the sdl trees in the Ouars in Bengal were defoliated in a similar manner, four 
different species of Lymanirta moths, sent to the u'riter by Sir H. A. Farrington, 
t e cer in charge of the forests, being concerned in the attack.f It is not certain 
how many species or the caterpillars of which moth were responsible for the Assam 
defoliation, as confusion appears to have arisen in the identifications of the insects 
sent. Fig. 264 shows the moth Lymantria mathura. L. lepcha and L. bivittata 
also defoliate the Sdl in Goalpara and the Bengal Duars. 

The larvae of the moth Gazalina apsara have been reported as defoHatbig 
Quercus lamtlhsa in the North East Himalayas (Darjiling forests). 

From what has been written it will thus be seen that species of this family when 
they swarm in large numbers are a source of serious danger to the forest. 

Family yX[l,-—Geomtiri<iss (Geometers). 

An extensive family of fragile moths having a large wing 
area, the antennae being frequently highly developed in the males. 
The larvae are elongate and slender having, in addition to the three 
pairs of thoracic legs, only one pair of abdominal pro-legs placed on the 
ninth segment and an anal pair. They progress by moving these two 
pairs of feet up to the thoracic legs, so that the body is thrown into 
a large hoop, and then moving forward the thoracic legs j owing to 
this habit of progression they are called loopers or Geometers. 
The number of these larval legs and the resultant mode of walking 
is one of the most constant characters of the group. The larva: 
assume various attitudes in repose, either clinging on to the stem 
with their pro-legs, holding the rest of their body straight out at an 
angle from the twig, being attached to it anteriorly, however, by a 
strand of silk projecting from the mouth ; or they prop themselves 
up between two twigs more or less at right angles to each other. 
They often vary in colour, the same species being either green or 
brown, and this colouration and the. markings upon them often gives 

them a great resemblance to their food plant; they appear, however^ 

_ , __ __ 

• Vid 0 DepArtmental Noteg Insects which affect Porestry^ Vol p, 63. 

t Ihidf pp. 66-77. 
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to make little or no use of this character for protective purposes, as 
they might be expected to do. 

1 he larv* are defoliators, but little is known about their opera- 

tious in Indian forests at presents 

Ufe-hittory of Boarmia ^he following is a portion of the lifc'history ot a 

family by name Boarmia sekna^ 

•_ 


rta 


The (uU-grown caterpillar is a looper of the ordinary type, bright green or 
own in colour and about z inches in length. The moth is greyish, 

IiUhe s 41 forests of the Siwaliks (on the Dun side of the range) a olasue of 

ft ^ year s-shoots, leaves, and dowers YouncF 

bw Z*"haT‘lr''^r ‘‘ Of Septemt 

oer iney had no green shoots upon them manv Koarin/r 

branches Th* c .1 . , ’ ^ fearing numerous dead 

ranenes. 1 he growth of the 3ear m the portions of the fm-ect u i 

o„w.i ... 

the caterpillar, pupa, and moth. v i ‘g- 200 siiou s 

g • he caterpillar 19 green and has been reported as serinifciv *.■ 

Ih. knjrt.jY fo.M. .1 ih. Lo.„ Md,„e Hill. 

d !hr.M. ‘iW •■’i*' P«P •!» Ima, p»p., .„d 

Family ^W.-^Nociuids, 

meoc Jh? '"°ths, generally of sombre colours, the 

M^^th k"^ r * f T® '•e'-y rarely seen in the day ime 

sirrs/r 

tree. Uey kT™. ““ ”'i‘'’l 

Jetilgthedavtine U,n,~ S', *''en searched (or 

M«., of the cSrLfcd < 'r ““''•’“““■'•'PigP. 

Ptilars of the family pass n.ost of their time at or 
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beneath the surface of the ground finding nourishment in roots or the 
lower part of the stems of plants. This is especially the case in the 
genus Agrotis^ perhaps the most widely distributed of all the genera of 

In some forms the abdominal clasper legs are reduced to two In 
number, and we then get larvae resembling the loopers of the last family 
the caterpillars being then known as semi-loopers/' (cf. fig, 273), 

Noctuid larvae either defoliate trees and plants, or they may have 
a limited v\ood-boring capacity. Others feed in the seeds of plants or 
ive upon the roots, either feeding upon the smaller ones or tunnelling 
into the larger ones. The larvae living upon leaves are usually hairy 
to a certain extent and spin a cocoon before changing into the pupal 
state , those living in the wood form a rough cocoon of hairs and chips 
of ^od, whilst those pupating in the ground usually build an earthen 
cel to change in. In Indian forests we have representatives typical 
of each of these methods of feeding and pupating, 

Hyhlma puera is the well-known teak leaf defoliator of the teak areas of India 

Llfc hUtory of llybima ^ IcavCS Of twigS of 

pu^ra» the tree, and the larvae commence their defoliating opera¬ 

tions some time in April (the period of course varies in 
different parts of India, being later in the drier tracts), and the insect passes 
through several generations—the number being at times as many as seven—in the 
year. The defoliation is easily recognisable as the caterpillar, in feeding upon the 
leaf, leaves intact the main rib and the side veins, eating all the green leaf tissue 
between these. The larvae pupate either in rolled-up portions of the leaf itself or on 
dead leaves upon the ground. The moth is small and dusky in colour, with reddish 
patches on the hind wings. It is apparently to be found at] over India wherever 
the teak exists, and the larvae at times entirely strip the leak of their leaves at least 
twice in the same year.* Fig, 268 shows the larva, pupa, moth, and fig. 270a a 
defoliated reaU leaf. The insect is usually accompanied by che larvae of the moth 
Pyrausta machasralts (fig. 269) described under Pyralida* In Burma and Siam 
it is also accompanied by Hyhlcsa consiellata. 

Acronycta aneedina (fig. 271) defoliates the horse chestnut in the North- 
West Himalayas. The larva is a hairy caterpillar, blueblack in colour, with tufts 
of bright yellow hair. The moth has a greyish appearance and lays her eggs in 
July. The caterpillars feed upon the leaves in August and spin a rough hairy cocoon 
at the end of the month. The winter is passed in the pupal stage, the moths 
hatching out at the beginning of the following July. The caterpillars at tin’es 

i 

* Vide Departmental Notes on Insects that affect Forestry, Vol. I, p. 287, for a 
fuller description ; also Plate XVIII, Ftg, 1, Plate XIX, Fig« i, Injutieue 

Ineects, Fig, yg 
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if I, Acronyc^a awa^dinii* <ii larva ; 3, moth* 
i73. Cosmia ae/trfit/fUirjpK 

273 . jP/reefiirra njiexa. tf, larva ; 3 , moth. 

274. Mndaria comi/rofut. «, pupa in mud cell; *» moth, 

275. Agrotis ypsihn, <i> larva j ft, moth. 

lio *ace !>•«« ijif- 
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completely defoliate the trees Thev sir a 

Ophinn aureolatus(vide^, 6 i), ^ parasitised by the ichneumon 

in August (See fig. 272.) ® ® issuing 

Changa Mangl They \rfsZ\ I^pTh"^ 

spend several weeks feedmo' upon the tr P®'®* ^ey appear m April and 

pupate in the ground towards the end of Tune 
273 shows the larva and moth. “ ^ 

pod 

Life.history of the silk- i (Bombax tna lab art cum). The eeg^s arp 

'"Xr" ary.Ma«h 

o7h!IT ^ according to when the tree flowers ; the larva 
in it until the latte, falls to tL gt^L” W^1^u 

hairless Nocuid larva (fig 27 1 ^ ^ "? ‘h® 

sucteSg FeWy^n thH^^ wither,-Jn1i?‘the 

the whole of their larval life in the^earfhT^?™"®*" larvas who spend 

sorend I J* ‘ ^ “P°" «tC. A widelv 

Utchlitory of l: . " ; the caterpillars 

■ haJ^ ®ft«n commuting great’ 

reported as dangerous in the fJresf h *>3^ not been 

eating young deodar seedlings in the Gom found it 

Hilis the following yiar f f T ™ i" ‘he Simla 

ground at nights and^n dull cloudy^JvMthS*^ T” comes above' 

the soil surface, and either leaves^them t^dir-^ cuts off young seedlings close to 

feed upon, thus acting much in the «:> * * ‘t ®°”’® ‘° '‘® hole to 

ap^ Ihe ewkehate, g,,t alnadj 

.ftis p«t. We at pre^nt know verv Hftle aK * fk _‘he larva and moth of 

^ '*•*«. naterpifiai^ of India, 

thie.,lae jrcejmg,; “ ‘**® ^®c insect feeding upon 

TM d- • ^ ^ Vf^‘PyraHd^, 

than «| a. liogte ,“ * H'”"? “I families 

—.. „ , I "rVui ^° ^ ^ Th^a,™ 

P 3 » • VIII, Md Dspartmsntai . atu, Vol. J, p. 81, 

fe. 
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are usually nearly bare, with only short scattered hairs and little coloura¬ 
tion ; they have most varied habits, are fond of concealment, and are 
very lively and abrupt in their movements, wriggling backwards and 

forwards when disturbed. They form a cocoon before changing to 
the pupal state. Both the leaves and the seed of trees are knovyn to 
suffer from the depredations of these caterpillars in India. 


u 


One of the ^Yide3t known defoliators of the family In India is Pyrausia 


Life‘history cf 


macharalit, which in its larval stage strips the teak of its 
leaves all over the country, working often in company 


'K’w.h Hyblcea putra. This insect has as many as seven generations in the year. 
It spends the winter as a larva in the ground, in the Central Provinces, appear¬ 
ing as a moth in May and hying the eggs of the first-general ion of the year upon 
the leaves of the tree. As these moths do not all appear exactly at the same 

time the egg-laying is spread over several days, and as the eggs first laid hate 

out first we have a series of uninterrupted and overlapping generations provided 
up to November or even December, and one or more of them may produce an 
enormous number of individuals, the caterpillars stripping the entire crop of leaves 
from the trees. In feeding the larvae do not touch any of the veins of the leaf, 
but only eat the parenchyma thus “ skeletonising ” it. Fig. 269 shows the larva 
and moth, and fig. 2706 a skeletonised leaf. Mr. R. S.^Hole gives the following 
as the period approximately spent in passing through a generation 


From app^fftoce of moth to hatching out of young larvso 
laid by tt ..»••• 

Larval stage .. 

Pupal stage . 


* 7 days 

. 16 II 

. 7 It 


or 30 days for a complete generation.* 

The caterpillars of the moth Hyptipyla robusia are the well-known Tun tree 

twig^’borers* The larv® are reddish when youngi 

UftMorj pf HftripyUfobutt*. becoming bluish when full giown. The pupa is 
enclosed in a dense matted silk cocoon, the cocoons oftm being collected into a 

felted mass together beneath the bark, where the caterpi . . jj,g 

.hough .he, are to bo found In them. Th. lor.* 

“owra and IroL pupate beneath the Bark, those in the twigs town 

The caleipilla.s of the second genetslion appear hOoB. 

twigs of the tree, hollowing them out and thus causing t / „ the bark. 

Fig. 276,0—d shows larva, pupa, moth, and a mass of coco 

and a cocoon in situ in a hoHpwed-o at branch. --- ^ 

* Fora fuller description see ^JJepartmental Notas. Vol. I, p. 30 *. 

Fig. a, Plate XIX, Fig#« (Larra). 



Plate LX. 



X*70d. leaf showing characteristic rnethod of defoliation by the larViBC 270bt Portion of a Xeak leaf shonrin? the pkeletonizing idcthod of the 

ot HybU« puera. Cram. larvae of Pryrausu aiach®ran&, Wlk. 

[to face page 1 













277* £uxophara etdrcUa, a, larva ; papa; c, d, moth, natural mae and enlarged; 

M. deodar cone showing attacks of larvae. 

278. Pkycita ahietsHa. a, lar\*a ; 2*, c, moth. 

270. CryptcpkUbia earpopkaga. a, larva ; pod with empty pupal cases projecting: 

c. moth* 
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Two other species of Pyralid, Macalla n.oncusalis and Teridia caleloralis 

as defoliating sil trees in Ganjam, Madras. 

u j j wings tightly round the 

body and have a head pointed in front, belong here, « S y na the 

Species of the family have proved exceedingly destructive to deodar and 

other cones such as those of the spruce, silver fir, and blue pine. Mr. Ribbentron 
at the time Inspector General of Forests, noticed that nwrly the whole of ife 
crop of deodar cones on frees round Simla was destroyed in 1898 by a larva 

n'lt'iTof ' ^ ‘-b^^rvations have shown the author that 

notonly deodar cones, but those of the silver fir, spruce, and blue pine are 

infest^ by one or other or both of two species oi the family named Euzobhera 

cedrella and Phyata abuteUa which have apparently much the same life-histlies 

The eggs are laid by the moths sometimes in autumn, either on the flower 

u s or near them. The exact period at which the 

Ufc'^lilitory of Suxaphitm iialcn out hss not been observed hn^ 

A . continue lo do so until abcut the be^innlna. f 

to the ground, and the larvas either pupates within it or quits it and burrn»„ • 
the soil. The moths issue in September and Octobe? F 1 ^,, u T 

caterpillar of ^tdrella, b, the pupa, c, the moth (nat. size) d, moth (enlaVcd) Ld 

x. «"• "...h 

Family yMl.^Tortricidx. 

Moths of small size with a rather large wing area, the wina 
frio^ b«Dg Mver a, long a, II,e wings ate wide, the hi„<| 

without aujr pattern in them. The larv* inhabit their food nlan, 
wh|ch may be rolled up ortwisted leaves, or the interior of fruits 
herbs, or galls, or even roots. The larva, have all siel... i “ 

present. The name Tort,tcid<, refers to the habit the La, have S 
rolling up leaves, or twisting and distorting shoots and buds. 

A t Jtnown about this family in India. A species of rfft/rix 

Weal Himalayas, and a second, known as 
^ompuito T. f^lUasietla in tunneiling into C«r,„ 

Family XWllr^Aficrole/idodtera. 

n»lh. »,th the ld«l palpi 

m other nothn; usually separated and pointed. Hind wings frequently 
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with very long fringes, the wing being reduced in size and pointed at 
the top. The larvae are very different in shape and nearly always 
conceal themselves. They feed upon a variety of substances such as 
clothesj furs, hair, horns, seeds, and probably defoliate to a certain 
extent. 1 hey also mine into leaves of trees. Little is known at present 
about the family, although it probably contains numerous forest pests. 
The spruce bud binder, Eucosma sp., is tne of these small moths. 

The moth lays its egg upon the terminal bud of the spruce branches, probably 
some time in the summer. The egg remains here until the following spring, and 
hatches out before the young opening needles of the bud have pushed oil the 
outer cap or covering. I he young larva on issuing at once spins the tips of the 

. Life hiatory of Eueosmo together, thus preventing their opening and 

sp. The spruce bud-binder. forming a shelter in which it lives .feeding 

upon the inner and more succulent of the needles* 

Some weeks ore spent in this stage, and the grub then changes to a pupa 
within the holIowed*out bud, and after about ten days passed in this stage the 
moth emergesi the exlernal needles of the shelter having by then dried and parted* 
The author has seen trees with as many as 70 per cent* to 80 per cent* of the 
terminal buds treated in this way* Fig. a8o shows the larva, pupa, moth, and 
a terminal spruce bud. 

ol Ypsolophus sp.defoliates Sissu trees at Changa Manga* The 
caterpillars appear in April, becoming full grown at the end of the month. In 
their feeding operations they cover the trees with vast quantities of silk. The moth 
appears at the beginning of May. Fig. 281 shows the larVa, pupa in a leaf, and 
moth. 

A 

Species of Tima (fig. 282) defoliate the oak Qubtw s^miearpifolia in June 
and July in Jaunsar, North^^West-Hicnalayas* 

Useful Lepidoptera. 

Although Lepidoptera are the most exclusively vegetarian of all the orders of 
insects, a certain number of their larvae prey upon insects, which are themselves 
filled with vegetable juices (such as Coccidae or scale insects, Aphidae or plant 
lice, etc.), and a very small number, e.g*,Tinea, etc., eat animal matter. 

In the winged state Lepidoptera may be said to be useful as a whole^ since 
many feed largely upon honey, which they collect from flowers, and in doing this 
they thus become important agents in the distribution of pollen from flower to 
flower, since it adheres to their scales and hairs whilst they are obtaining the hopey 
from the flower. 

The Heteroceraor moths include several insects which may be considered to 
be of considerable use to man* Amongst them are the silkworm moths of the 




276 . 

aso. 

981 . 

982 . 


(^ Ib Hciioa Ihowi^g Urw^i ’»** ‘•o ‘•™Jnil buds 

Ttmm j# ^ ’ *' ***«l»d to a 8aa Iwf ; e. moth. 
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family Bombycidas. The mulberrv silt.u,nrm » r 

variety of the plains of Ber^ffal whL in thl ’ « the cultivated 

mylitta) tiWt.vioTm at Ch t m ®''® the important Tusser 

eri worm {Antheraa rtcini.) ' ^ ««««« of Assam, and the 

predaceous upon a Lecinium Ic!?r 7 nwcrthicr! 'fT °h* '* 

The genus EuhUmnta contains the noxious nest /? „ i-r* t.- . 
and destroys the lac insect. ^ which preys upon 





Chapter IX. 


Ordkr VII,—Diptera (Flies). 

The Diptera comprise the two-winged flies, including also th^* n 
which are wingless, and the nara«:HV i • ^ ^ 

shcep-ticto. The exceptions to the general t,vo-win.ed r,l • .x- 

order are very tew, although there arc probable some to ooo s‘„“ ■'* 
known and an enormous number still unknown'. ’ 

othel ha“rr„S'tht“ iitsec”/ “"i' 

to be much neglecled. Firmav =•"<!/ 

highest insects physiologically, lor in them the' proMs«roTa^ 

£hi g' t'^t re“ttbTe m a ^ 

S egg is able to grow with such raoiditv thmf -a 

full growth IS completed in a few days • it then fJ^ ^ ^ 

trable skin and* dissolves itself almost completely • U ?h *" 

to a sort of jelly, and in a ft*w Anx^ ^ y * ^ then solidifies 

of totally different appearance L haWr™"™'* " "'‘"S 

.heytv:r!m::,%":.trte^^ ..rge 

alula’; behind the wings there is situated • 
capitate bodies, called the ‘ halteres ’ which are often'r° j’ 

no distinct prothorax pi^c^rtt CIS « 

the head is very mobile and is connected «dth the th "»ss; 

compound eyen, which are usually larger iu the “riha‘’^- “in 
The antennae vary in structure and are of * f ^ • 

fication of the order being based udL th 

iff “f "> "Woh may be whorled T J^fnt Th°“ •’ 

front a 6ne projecting bristle, frequently feXter 

divided into two cm more ioints. This Lm of anteMt ten^d t tf 
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series Aschiza and Schizophora and is present in the common house-fly. 
In the order generally the two basal joints of the antennse are called 
the 'scaped the part beyond this is called the ^flagellum/ an ap- 
pendage of the flagellum being termed the ‘arista, ' if bristle-like, 
or if thicker, the style The mouth parts are formed for suction and 
consist of a sucking tube of varying form which sometimes ends in a flat 
pad as seen in the common house-fly. The legs are long and slender 
and terminate in claws with one or more pads between them which are 
covered w ith a sticky fluid which enables the insect to walk on glass 
surfaces, etc. The abdomen is conical and usually sessile. The larvse 
are invariably maggots, i.e , they are legless. Some, however, still 
possess a hard chitinised head furnished with eyes, antennas, and mouth 
parts. In others the head is not well marked, eyes are absent, antennae 
absent, and mouth parts represented by a pair of darkly coloured 
chitinous hooks. Owing to the presence of such weak mouth parts 
the grub feeds upon decaying filth and refuse and other soft matters. 

In those Diptera whose larvae have wrell-developed heads, fhepupse 
are like those of the Lepidoptera, the appendages lying close to the 
body ; in those with ' headless' grubs the pupae remain within the 
last hardened larval skin and the pupa is then called ‘coarctate.' 

In these latter no appendages whatsoever are to be seen on the out* 
side, the chrysalis being generally blunt^ovate in form. 

The Diptera are divided, according to the nature of the antennx 
present, into five great series, a few families of each of which will be 
considered below. Although members of the order have not as yet 
been reported as committing much damage in Indian forests, it is not 
unlikely that we shall find as our knowledge increases that the 
gall-making ones are of considerable importance. 

It may be mentioned here that the teak trees in the Melghat forest in Berar arc 
badly attacked by a dipterous gall-niaking fly, uncertainty idenlifled at present as 
probably a species of Cecidomyia, Under its attack the branches swell up into 

rounded lumps, which sometimes, cc*mplctdy encircle them, and these arc at 

1- 

times so numerous as to dislort the branch with irregularly-shaped spellings for 
some inches up, the galls often coalescing (cf. 283), It would appear that 
when the gait completely encircles a branch or leading she ot of a young Sapling 
the portion above it dies. The author bred out two of these flies from galls 
at the end of July in the Melghat, but unfortunately they got injured in transit 
to the British Museum and their identification was impossible. Teak in Madras 
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^ , c.pL/o“:iiX crs; 

The habit of blood sucking from vertebrates is, nmon? 

• a suctorial mouth, and 

IS ex 1 ite y various Diptera. It is, however, indulged in by 

but a small number of species, and these do not belong to an - 

special division of the order. The habit is as a rule confined 

0 e female sex, and a large proporiion of the species with this 
propensity have aquatic larvae. 

Series I .—Orthorrapha Nemocera. 

Antennae consist of more than six segments and are not terminated 
by an arista. Palpi slender and flexible, four or five-jointed. 

FamILV L— Cecidi^myiideB, 

These form an extensive family of very minute and fragile flies 

the wings of which are provided with only a few nervures; the 
antenn® are rather long and are furnished with whorls of hair upon 
them. In some species the antenn® are beautiful objects when seen 
under a magnifying glass. The larv® are of importance as their 
habits are very diverse. They are short maggots narrowed at either 
extremity, with a small head and 13 segments. The majority live 
m plants and form galls, or produce deformations of the leaves, Lms 
flo\j«rs, buds, and roots in many ways. Others live under bark whilst 

an iiS ion whkh “P°" “"d «P 

1 inch in length, ovoid! 

ally with turpentine^** Th!! outwards. They are covered exlern- 

L.- ^ small orange grubs now crawl out and pupate forming 

the small " ‘'pT'' ** “ * 

pt greyisn, long-legged fly issues in February and March. This 
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fly is parasitised by a hymeiiopterous one, Tri£anom§rus sp. Fig. 284 (i) 
the maggots, cocoon, fly, and branches with pseudo-cones and cocoons, and 284 *2 
the parasite. 

The larvi of another Indian species {Cectdofnyta iiave proved very 

dangerous to rice, feeding in the sialk and killing cfl the plant The insect known 
fts the Hessian fly, Cttidomyia destructort of Europe and America, it fre¬ 
quently e^ccessively injtirious to crops of cereals, committing at times the most 
serious depredations. 

Family II. —Culicidw (Mosquitoes, Gnats). 

Slendei* insects with very long legs, the antennae being provided 
with whorls of hair or plumes on thtrm, generally very long and dense 
la the male. The head is furnished with a long projecting prohoscia. 
The larvae live in stagnant water. They have a largely developed 
head and thorax, and so can be distinguished from other dipterous 
larv.'e. The pupae also live in water and move about in it. 

Much has been written on the genera Anopheles and Ctihx, and it has 

proved that species of the former can induce malaria 
Lifc-hiitory of Moi'iniio. fever in man. The larvsc live in water, floating flat 

upon the surface. The perfect insect is the well-known mosquito. The life* 

history is as follows : 

The eggs ore deposited on the surface of the water, where they float in raft* 
like masses. They hatch in a very short time, generally—in warm climates—whhm 
24 hours, giving rise to small wriggling wormdike creatures^ which feed either 
on minute water plants or on decaying organic matter. They breathe air, end 
must repeatedly come to the surface for that purpose. Their tnoelha are provided 
with a pair of brush-like organs which they keep in rapid motion, prododAg a 
miniature voftex which draws floating particles within reach €>f their java. 
After a period varying from 7 to 15 days during which time they undergo some 
four or five moults they assume the pupal stage, when thetr form is efain changetL 
They now appear something like minute tadpoles or*still m e r e Mtt aniiiieted, 
commas with a globular anterior portion and a thin carved tail. They lake no 
food in this stage, but arc very active, progressing through t^e water with a wrig¬ 
gling motion. Their breathing organs are now transferred to the front of Iketr 
bodies and appear ns small ©ar-like structures, and the insect rests ia a more or 
less erect position, head upwards. In about three days* time die akin of the hack 
splits and the mature mosquito emerges, resting upon the empty akrn of the popo 
as upon a raft, until its wings are firm end dry, when it flies off. Pig- ats sw bw c, 
shows the larva, pupa and raosqujco* 

* Kid# Royal Botanic Gardens, Ceylon, drc. Ser. 1 , No. 05. M ne q iils s i aed 
NnUfla.” K.K, Gtaen. 
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The differences between Culex^oxxA Anopheles are well marked end may be 
shown as follows »— 


Cut ex» 

agglutinated into raft-like 
masses on the surface of the water. 
Each egg placed vertically. 

4 

Larva: with long breathing tube at 
end of body. Floats head downwards. 

Adult inject: with palpi much shorter 
than proboscis. Wings usually clear 
and colourless. Rests with body paral¬ 
lel with support. 


Anopheles, 

Eggs: separate, floating horizontally 
on surface of water. 


Larva: without prominent breathing 
tube. Floats horizontally. 

Adult insect with palpi as long- as 

proboscis, WinjTs usually spotted or 

clouded. Tilts the body at an angle to 
the support. 


Thus by observing the position of rest taken up by the perfect insect on alight- 
mg upon one’s hand one will be able to determine in most instances whether 
the insect is an Anopheles or not. The organism responsible for malarial fever is 
an animal orpnism named Hamamceba. It is small and unicellular, and is 
found in the blo^ of a patient suffering from malarial fever. If left undisturbed 

some of Hamam.ba. These now undergo a true sexual cycle and thi t 

cu ij 1" glands at the base of the proboscis of the mosouiio 

Should this latter th^en bite another person, the parasites are injected into his blood* 

and thus p through their sexual cycle in him and Induce an attack cf ;nallda 1 

!r w /1. persons suffering from malarial fever 

should be carefully protected from the Anopheles mosquito by means of T 

curtains, etc., or they themselves become a centre from which others are infected' ° 


Family III. 


Tipuhdas (Daddy-long-legs, or Crane flies). 


These are slenderly built insects with very lone lees • th<» «.• 
have a system of nervures which is rather complex at the tips • theS 
IS a V-shaped suture on the thorax in front of the wings; an ovinosi. 

exhibits a great variety of forms, including 
the well-known stupid long-legged insects known as D^dy-Iong-Ie^ 

thi ^ Limnobiin® contains species whose larv/live^under 

e ark of trees probably feeding upon the sap. In the tunnels bored 

tL LaJ^L^r ^Prtona Germari in the Shahdera planta- 

were lound crawling about in the sap of the timber tl. , 

insect has not yet been obtained. ' perfect 
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Family IV.— Stmuludea (Sand Flies). 

Small fat flies with humped back, rather short legs and broad 

wings, with short, straight antcnnaj destitute of setae ; uroboscis 
not projecting. 

There is only one genus, Simulium, of this family, but it is very 
widely spread and will probably prove to be nearly cosmopolitan, 
borne of the species are notorious for their blood-sucking habits, and in 
certain seasons they multiply to an enormous extent, alight on cattle 

• n t ousands, and induce a disease that produces death in a few hours. 

Stmulium columbacnense has occasioned great losses in this way 
near the Danube. 

In India the family is represented by the well-known potu fly {Simulium 
in tcum) (fig. 286) of the North-West Himalayas. This insect is plentiful in the 

Life-hittorr oi Pciu fiy. summer in the chir [P. longifolia) and deodar {Cedrus 
eo at a) forests of these mountains : the species found in Assam may be identical. 

J® most troublesome in the North-West Himalayan forests, as its bites are very 
rntating and produce blisters. The flight of the insect is noiseless and its bite at 
rst so painless that the creature is seldom noticed until it has absorbed the blood 
rotn the wound. Brushing it away is then of no use. It leaves a characteristic 

u * presence of a little globule of blood, about the size of a pin’s 

_ , eneath the skin. This rapidly turns black. The irritation produced varies 

m intensity in different people, but the insect has been known to drive whole camps 
of sawyers from the forest and to stop all work. 

Series W.^Orthorrapha Brachycera, 

Antennae variable. Palpi only one or two-jointed. The system of 
nervures in the wings is complex and there is no definite arched suture 
round the insertion of the antennae. 

Family \.—Tabanid<e (Gad-flies). 

The proboscis in this family is fleshy and projecting, the antennae are 
said to be three-jointed, but the last joint is constricted, and therefore 
they consist of apparently more than three joints. The head is short 
and broad, with very large eyes ; mandibles (biting jaws) are only present 
in the ? ; the abdomen is flattened; the larvae are cylindrical, some of 
them being aquatic, others living in the earth or in decaying wood; 
they are of predaceous habits, attacking and sucking insect larvae or 
worms. The female flies suck the blood of mammalia and are a 
great plague to horses, cattle, and animals of all sorts in India. 



8U,/ Oalli on Took knnrhoi modo by CMdumyia $p 

***’ ’ *• * •' •"••«« C« and A 

88& Tha PotA fly (StmaNMin <iNUouti|. A, enlaifid antenna. 

8a7a Avam Elephant fly (iV(MioMra (?) M.i 


[ to face page 146. 
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Species of this family are very plentiful in India, and the large 
horse-flies of the forest are well known to all foresters. It is these 
insects which drive large game, such as elephants, sambhur, etc., 
living at the foot of the Himalayas and other mountain ranges, to 
seek the higher hills, and consequently cooler climate, during the 
hot weather months, at which season the flies are particularly abund- 

fOTCsts^'^'fly Nemocera sp. of the Assam evergreen 


Family Vh—Bomiyliidji;. 

The body is frequently fringed with down or covered in large part 
with hair. The legs are slender, claws being small, with onlv 
minute pulvilli. Proboscis very long and modefata, anicnnm three' 
jointed, terininal joint not distinctly divided, sometimes large, some¬ 
times hairdike. This is a large family of flies aud is of great 
importance to both naturalist and economist. There are two well 
marked types of fly in the order: ,1) the Bombyliides with very long 
cMerted rostrum and humped thorax; {z) Anthracides with a 

short beak and of more slender thoiax aud graceful form. None of 
these flies are blood-suckers; they frequent flowers only and use 
their long rostium in a haimlcss manner. The wings are usually 
ornamented with a pattern, ,and the clothing of the body is frequently 
variegated. It has recently been discovered that the larvae of various 
species of Bombyliidge are of great service in that they devour locust 

eggs, whilst a species of Systropus has been recorded as destrovin? 
the larvae of Limocodes. ^ ® 


Family ^iW^Asilidx (Robber-flies). 

1 his is one of the largest families of flies, including over three 
thousand described species. In these flies the mouth forms a short, 
projecting, horny beak, the palpi being small. The body is elongate 
and hairy, and the feet have powerful claw« which are often thick 
and blunt. The insects are predaceous in the winged state and 
devour numtos of otli^ insects They prey upon large species and 
fear none,; attacking wasps and other stinging insects and captur¬ 
ing eVen dragon-flies and tiger-beetles. Little is known about their 
larval stages in India. 
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Series HI. 


-Cyclorrapha Asehiza. 

joints, and these are furnished 

' .'f " "o definite 

arched suture over the antenna. 

Family VIII,— Syrphidae (Hover-flies). 

rather large size, frequently spotted or banded 
1 yellow, having very short, three-jointed antenna and a cleft on the 
under side of the head in which the proboscis, which is thick and 
fleshy, can be withdrawn. This family is one of the largest and best 

"nown o t e res. Species abound in gardens and glades of the forest 
n ere in sunny weather they may be seen hovering over flowers or in 
rays of sunshine which pierce through the leafy canopy of the trees. 

1 he larvasare very diverse in appearance, and they live either on plants 
or 1.1 water. Some feed upon aphidae or plant lice, and they may 
en be found on bushes or trees attacked by these blights, deveurin? 
Cm With great voracity and in large numbers. 

The larvae of Syrphus nielneri, Schiner and Syrphus splendens* 
Dolesch (fig. 288) are said to prey in this way upon the coffee louse, 

Aphtscoffea,\nQ^y\on. 

Series W.-^Cyclorrapha Schizophora. 

Antenna has three joints and is furnished with an arista. The 

frontal suture over the antennae is often \well marked. The nervures 
in the wings are not so complex. 


Family IX.^Tachintdiz (Parasitic-flies). 

This is an enormous family of flies, the larvae of which live parasiti- 
cally on other living insects, Lepidoplerous caterpillars being especially 
attacked. The antennal arista is bare and thus these insects may be 
distinguished from the house-fly, in which it is plumose, and the upper 
surface of the body is bristly. The insects of this family have 
in many cases a very great resemblance to the common house-fly. 
Many have been reared from the insects in which they live, but 
beyond this little is known of their life-histories. The eggs are usually 
deposited by the flies near or on the head of the host. The grub 
on hatching out burrows into the caterpillar's body, but avoids 


S88, SyrpAns ^Ifttdens. 

860 « 

290 . dm^eAfra, 

291 . bombyeist 

292 . Mitsea dpmfstio^. 

293. Common Dowfly of tho Cnraei (*hor Sharp). 


[to iKt 
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7 ,‘w V" usually lives on unlll H,o 

death ensues. In the latter case the pupa will be found^ to contain 
one or more small fly pupae, according to the number of eggs laid 
upon or in, and developed in, the caterpillar. No moths will of 
course issue from pupae attacked in this way. If the caterpillar dies 
e ore changing to the pupal state the fly-maggots will cut their 

way out and change into pup. on the outside alo^side of the S 

aterpillar s skin, or they may burrow into the ground and pupate 
there. From the above it will be seen that these flies are of the 

- 3 " , • *11 « owing to their habit of 

de^roying caterpillars, and thus keeping down swarms of defoliating 

researches in this respect in 

Indi^ but there can belittle doubt that these insects will well repay studv 

rhe writer has bred a new species of Jfasacsra (fig. 289) from the caterpillars 

‘ •■“«ive teak tree defoliator /(yd/aa puerc. 

ber from caterpillars parasitised in August. Mascicera ^ Septem- 

species of Lymantria which defoliate this tree in Asslm or all of the 

especiir 

bombycis (fig. 291) is parasitic upon the Eri and mulberr^silkworSfS B^al afd 
.s very destructive. It is very like a large house flv in appearance U in its tl„ it 

parasitised by a smaller fly named Phora cleshor'm whidi attacks Jt ,1 J 

same way at attacks the silk caterpillars. ' 

A closely related family which has much the same characters 

as the rocAi»»d«, contains the important fly Anthomyia peshawarensis which is 
parasitic upon theeggs of the migratory locust Acridiumpereyrinum. 

Family X.^Musctd4e (House-flies'. 

froiji the Tachind flies which they otherwise resemble. This family 
«nla.ns many of the mo« abundant spoci« on the face of the earth! 

ing the house-fly, blue-bottles or blow-flies, and other forms 
The larvae live On carrion and decaying or excrementitious matter. 

The common house-fly (Musea domestiea. fie. aoat runs ihr/....ei. u t-e l. 

.^“7-"“'—•» a veo. th„; tCf'u U i 

eggs on dang or any soft damp filth j the larv* hatch out in a day or Tid 
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feed on refuse ; they may be full grown in five or eix days and then, pupating 
may emfl(rge in another week as perfect flies. This accounts for their enormous 
and rapid increase where dirt and decaying matter is abundant. It has been 
calculated that one female of the common house-fly may have 25.000,000 descend¬ 
ants during one season. 

The grubs of the fly Rivellia per stem have been reported as seriously 
affecting the growth of the peach {Prunus persi'ea) fruit in Chota Nagpur, 
whilst those of Dacus ferrugineus live in and considerably damage mangoes. 


Family XI .—Oestridse (Bot-flie.';) 

This is a small family of flies, the larvae of which live in the bodies 
of vertebrates. The insects are large flies with very short antennae 
bearing a segmented arista; the front of the head is prominent, and 

the posterior part of the wings is often rough and with very few 
veins. The family is of small extent, less than 100 species being 
known, yet it is of interest owing to the habits of its members. Some 
{Gastrophilus, etc.) live in their larval stage in the alimentary 
canal; others IHypoderma, etc.) are encysted in or under the skin 
while others {Oestrus, etc.), occupy the respiratory passages. Many 
of them attack the domestic animals used by man, and some even 
man himself. The Iife«histories are still very incompletely known- 
They do not bite the animals they attack, but deposit the eggs upon 
the hair of the skin or the young larvae, already hatched, in the 
entrance of the nasal passages. The larvse always quit the bodies of 
their hosts to pupate. 

Horses, oxen, deer, sheep, etc., are attacked by these flies. 
Fig. 293 shows the common bot-fly of the camel. 

Series V.'—Pupipara. 

Often wingless flies or the wings are reduced in sise. The 
young are produced aliVe, full grown, but have still to undergo a 
metamorphosis. They are found in connection with vertebrates, and 
the habit of blood-sucking is probably common to both sexes. 

Family Xll.^Hippobescidse, 

The wings are variable, sometimes present and large when the 
surface is waved and the nervures are thick and confined to the 
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anterior and basal part, at other times mere strips, whilst occasionally 
t ey are entirely absent. Tlie proboscis dififers from that of other 

les, consisting of two hard flaps fitting close together, which can 
be opened allowing an inner tube to be exserted from the head. 

The family includes the horse-fly and the sheep-tick. 

Note..— The sub-order Aphaniptera includes the Family Pulicidse'or fleas which 
are wingless insects, having the body laterally compressed, so that the transverse 

meSforii!* unnecessary to do more than 

ion these insects here. They are known to all. 

Useful Diptera. 

to Ian ^Amon?sf insects whose habits render them of the greatest use 

and even upon their own relatives. The Urvm ofrtl t a ^ ^ 

in habits, feeding upon other insect larvm and worms ^Ith* predaceous 

lccu”Tees Thnt I of great service, in that they devour 

As the adults ouLs famil^Tfr^ Tfl’'****^ as destroying the larva of Limaeodes. 

inJi*01 «*l»i 

-y b, a.UcW„/.„ b„™ i„ ,b|. 

predaceous tiger-beetles and dragon-fllL ^ ^ ^ 

.lo “PO" .Ipw*, .bilst lb. 

closely-relaled family, contains the important fly Ap«/a2‘v JL a 

b p.,„i.,. „p.„ .b. j “ 

KTTIC M man by checking to scim .aunt the incrracc ot’lhlc pen; 

Order VIII,—Thysanoptera (Thrips.) 

extremely abundant minute insects, which are tri u 
found .« profusion in flowers. They have four vZ rTrrZ , • ! 

wtngs and an imperfectly suctorial mouth. They are a« f 

specie, have been rei^.d I® tlie fotester, though: 

end Ihe lea^f ,L'C i“. '",rr L" "P™™ WPV. 

hot the “ii* feed opon 

oient evidence et pre.«.t to" rentrr<d‘“«• 
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Order IX.^Hemiptera or Rhynchota. 

(usually concealed bv hp’ k ^ consist of a proboscis or beak 
ai.oe of . trao.,ersol,.jo'i«^'“^ "'''i'!’W«r- 

long slender processes like horse-hairs which Tre" used To^r 

plant substances. (See ^ tI ® ^ piercing 

njouth renders it easv tn J- y • l form of 

Tho Uco S bolo^o^l. ‘h' i"a«ts of this order, 

bo teferr;d to lat ^ on VjrH 

•ucking inaeola, aad the mouth wrta'oTS. ”/''j 

throughout life there hein ^ individual are of one form 

is always very distinct, and oftL^lXe U '1'1’e thorax 

The wings are usually iaurV^nTj. tTLZ Z “ 

shaped manner. Ve voun^ m ^ ‘•oof- 

wings are developed oLidf thH^^' in general form; the 

moults. There is often ‘**0 different 

Ahnnf T ovipositor, in the female. 

*?'°oo species have been described and th.. • 

the human race ‘he welfare of 

to exterminate the enemies tU anything were 

starved off the face of the earth ^ Rhynchota, man himself would be 

escape observation to a W 

the food plant and then suck a wav P^'^hs in 

any very evident marks of the J *nany cases leaving 

observable, injuries really dueThus nothing being 
Other causess ®iptera --are often attributed to 
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For our purpose we will divide the order into the two sub-orders 
Heteroptera or true Bugs and the Homoptera which includes the 
scale insects, cicadas, blights, etc. 

Sub-order I.—Heteroptera. 

* 

Front of head does not touch the coxae (hips). The anterior wings 
are more horny than the posterior pair and fold flat on the back, their 
apical portions usually more membranous than the bases which are 
horny. The lower portion of the right wing overlaps the left at tip. 

Family I.— Pentatomidss. 

This is the largest family of the Heteroptera, including some 4,000 
species. The insects can be recognised by the large scutellum which 
is at least half as long as the abdomen, and often covers the whole 
of the after part of the body and wings* Antennae are often five- 
jointed and the proboscis sheath is four-jointed. The ocelli are two 
in number and there is an appendage to each tarsal claw. The 
colouration in these insects is often very vivid This family contains 
a number of pests and one or two useful predaceous insects. 

An insect named Ocrophara moyitana (see fig. 294) or the bamboo bug has 

Life-hietory of Qcrophara proved a senous pest lo bamboo seed.* The following 
wort/ai7«, 13 Unowti about its life-history : — 

The insect feeds in both larval and adult stages upon the developing seed of the 
bamboo, Dendrocalanitis strictus. In 1900 it appeared in the Central Provinces in 
enormous numbers in the middle of January and led voraciously upon the ripening 
seed till the middle of March and then disappeared, having probably laid its eggi 
somewhere first. Nothing further appears to have been recorded on the life 
history of this pest. 

Canthecona furcellaia is a small active yellowish bug which is said to destroy 
tussar silkworms. It probably also feeds upon noxious defoliating caterpillars. 

Family II. — Coreidm. 

The men^bers of this family are easily recognised by the following 
characters :—^The scutellum is smaller than in the last and docs not 
reach to the middle of the body; the proboscis sheath is four-jointed 
and ocelli are present; antennae are generally elongate and four- 
jointed and are inserted on the upper parts of the sides of the bead ; 
the femora of the legs are not knobbed at the tip. 

* Pld# Departmental Notes on Insects which affect FofesCry, VoL I, ^ li&iw s 

fuller aecouat. 
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These insects are rarely of brilliant colours. 

The bugs commence feeding in February, having hibernated through the cold 

as half grown larv®, and bfcome full 
grown in March, 1 hey then pair and eeirs are laid and 
.he ne«. ^.eiatlon ukes about ten u-oeke to pa„ Z®,,, b. „ j ipout 

f :■ th-rh “ £E 

turns to r6ddish hrn«/n xkrt j i- *<- ir ■ ^ which scon 

t^.Lr •: . '® ereen and red in colour. It aoDears 

onfine its attacks to one-year old coppice shoots, sucking out the sap from^tLm 

Setr.helr -l ■'“ ole"‘Is;.- 

y S by the attacks of the insects; fig. 295 shows this bug. 

Family III,*— 

of Ih! »e ^ ‘1.0 .“socfs only differing in Iho posifion of the insertion 

is tour r' “ "<* «ol. hot 

tn he in fj 'T',’ “ hotonnie appear 

^ntoils II “P°" The bmUy 

Iir^dLh ” Vhcioo 

forms. *" plant-feeding 

famiV members of the 

. Family \M.^Reduviidce. 

eloooafpl«.**d*^^j easily recognisable by their freely movable 

does ^01 7 I ‘ u® scimitar-like proboLis which 

with this nrnb a 

Ibe ocelli when present are situated behind the compomid eyes. 

TheJ'“*P°*'tance owing to their predaceous habits, 
ini.? ‘ ^ probably destroy large numbers of 

_J lous orms. Some members of the fam ily live under bark and feed 

• Ibtd, p, 126. —— - 
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upon wood and bark-boring beetles. A species has been found engaged 
in this manner under spruce bark in the North-West Himalayas. 

Physorhynchtis s(>. (fig. 296) is a large black species common in Jaunsar, N.-W. 
Himalayas. Reduvius sp. (fig. 297) lives beneath the bark of mij/iyo/ia 

trees in Burma and preys upon bark-boring insects* 

Family V ^^ Capsid ^. 

I hese are moderate-sized or small bugs of delicate consistence* 
They have no ocelli present. The elytra and wings are usually 
large in proportion to the body. Antennae are four-jointed, the 
second joint being usually very long and the terminal two more 
slender than the others. There is no groove on the under surface 
or the proboscis to fit into. The scutelium is exposed and moderately 
large and the tarsi are three-jointed. The female has an ovipositor 
which she can put out and draw in at will. The family is a large one, 
the insects being delicately coloured and never metallic. They fre¬ 
quent plants of all kinds, and many of them skip, by the aid of their 
wings, with great agility in the sunshine. The majority suck the 
juices of plants, but some are known to prey upon other insects. 

The best known Indian genus is Helopdtis to which the mosquito blight of 
tea belongs. These insects possess a knobbed spine projecting straight up from 
the sciUelluin. The egg is placed by the bug in the stems of the tea-plant, but 
attached to one end of ilie egg are two long slender threads which project extern¬ 
ally. The insects 0:1 hatching out suck up the juices of the plant. They appear 
on the plant all through the spring, summer, and autumn months. Fig. 298 shows 
the young stagey and the full-grown insect. 

DtsphittcitiS hunter alii WIk, is a small insect which has been reported as 
attacking chincona in Sikkim, Little seems to be at present known about it. 

The various bugs which live in water, known as Cryptoceraia, 
belong to this sub-order. They are provided with swimming legs. 

Sub-order II.—Homoptera. 

The front of the head is much inflexed so as to be in contact with 
the coxae. The anterior wings are of the same consistency through¬ 
out, and do not overlap at the tips. This sub-order is divided into 

three series according to the number of tarsal joints present on the 

feet of the insects—the Trimera having three, Dimera two, and 
Monomera one tarsal joint, respectively. 
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Series,— Trimera, 

Tarsi usually three-jointed. 


Family VI .—Cicadidm (Cicadas). 

1 hesc insects, as far as is at present known, are seen above 
ground only in the perfect condition, spending the earlier larval 
stage in the soil upon roots. They can be recognised by having a 
head with three ocelli placed triangularly upon the summit between the 
compound eyes; the antennae consist of a short basal joint surmounted 
by a hair-like process divided into about five segments. The front 
femora are more or less thickened and are armed with teeth. The 
family consists of large insects with the four transparent and shining 
wings, the nervures being distinct and dark-coloured. The insects 
are sometimes brightly coloured, black and yellow being the 
predominant tints. The body is broad and robust. They are 
mostly tropical insects. The Cicadas produce the curious 

whirring sound which is so characteristic of the submontane and 
montane forests in India. The sound is produced by the male 
by means of a specially modified stigmata which can be seen at 
the base of the hind-legs. The eggs are in the case of some species laid 
by the female in the branches of trees in which she makes incisions 
with her ovipositor. On hatching out the young larvae crawl down 
to the ground and bury themselves in the earth where they feed 
upon the roots, and in this manner may spend several years in this 
stage of their existence. They usually, if not always, leave the 
ground before the last moult or shedding of the last skin, this being 
often done upon the trunks of trees, etc. After shedding this last 
skin the insects are fully developed ; they then pair and lay e^gs 
The life-histories are little understood, but Cicadas appear at intervals 

in swarms rather after the manner of the appearance of the north- 
west locust over India. • 


.V species, but practically nothing is known about 

. ' *•"'**«*«• Fig. 399 a 6, shows the empty last larval skin and full-grown 

pc gr ss jungles of Asssini. It is bright g^reen in colour. 


Family ^Wt.’^Fulgoridssm 

rhese insects can be best distinguished by the fact that the two 
ocelli present are placed beneath the eyes or near the e yes usually in 
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cavities of the cheeks. The antenn® are placed beneath the eyes and 
are very variable in form, usually consisting of two joints terminated 
by a very line hair. The prothorax is not armed with Spines, etc., 
and is of normal size. Some of the in^iects are very large, others 
quite small. The family includes the so-called Lantern-flies in which 
the front of the head forms a huge misshapen proboscis which was 
formerly believed to be luminous. Many of the species are of bright 
colouration. A number have the power of excreting large quantities 
of a white, floculent wax. 

i 

One of the commoniest members of this family in many parts of India is 

LKeJkUton of Pkrmnia Phromnia margineHa. The mature insect resembles 
mareindla. a moth, the parchment-like front wings being grass 

green with the anterior margins red, the posterior wings milk white, and the 
body greenish. Round Dehra Dun, where the insect is common, the eggs are laid 
in numbers in the bark of twigs and hatch out in December-January, ond 
the larvx may be found clustering in white masses on the food plant from then 
until the commencement of the rains. The larvs are covered with a mass 
of white flocuKnt ma.tter, secreted by small glands on the back of the abdomen. 
This as they get older stretches out behind in long, white, tail-like appendages, 
rendering the insect unmistakable. They appear to feed on a variety of trees. 
Fig. 301 a, b, c shows the young larva, imago, and a leaf with larvs clustered on it. 

A large typical fulgorid was plentiful on the teak in the South Coimbatore 
forests in July \yo 2 . Us history, which is likely to prove interesting, requires 

working out. 

Family VlU.-^A/emhracidaf. 

This family is of large extent, its members being chiefly tropical 
and are especially abundant in America, and probably so in India, but 
little is known about them in this latter country. The insects are of 
curious form; the prothorax is prolonged backwards into a hood or 
processes of various shapes ; the antennae are inserted in front of the 
eyes, and there are two ocelli placed between the eyes. The young 
have*but little resemblance to the adults, the great thoracic hood 
being absent, while on the back there is ion each segment a pair of 
long haU-erect processes having fringed margins. 

Family 

There are two ocelli (occasionally absent) which are placed up<m 
the vertex; the antenn® are placed between the eyes. The thorax is 

not peculiarly formed. 
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Th^ insects are the common cuckoo-spits, so called from the habit 

Reform of bubbles which accumulate round the insect and conceal it 

The adults are known as frog-hoppers, their power of leaping beine 
very great. Circopidae are common on the leaves of many trees in 
Indian forests, though at present very little is known about them. 

all laid upon the food plant, and the insect lives upon it in 

reDO^tera!^' belonging probably to the genus Machoerota has been 
reported as making webs on the farash Tamarix articulata 

tefk inThrs^iTr-babble was plentiful on the 

teak in the South Coimbatore forests in July 1902. 

Family X.—Jassida! (Cicadellina). 

A large number of small or minute insects are included here tk 

jron. or rno -e r ;L”:u';'[i.r,r Jz .z 

more the from) or on the deBexed forehead Hind ,in' ^ 

with many spines. 'wreneaa. Hmd tibiae usually 

The mango jassids, of which three ert»..ie.. rj- 

and I i. clypealis 

vouno'shn known, suck the juices, of the 

rpy”trn'T.v'“‘ 'f ‘ 

gomn w >-““■« 'o'»o ond toll 

^ iassid has been reported as very numeron 

m he Godaveri teak forests where it apparently cauis 
the leaves to wilt and wither. ^ «u5es 

Series 2^~--Dttngt'a, 

Tarsi usually two-jointed. 

. Family XX.—Psyliida!. 

wings placed in a root.shaped 
long and thin eon.'..^' r** ^*** present and the antenns are 

•bo«t the Indict '’7 '■“''“'^'w-. 

8 P t lice as their habit of jumping distinguishes them from the 
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Aphidse. They vary remarkably in colour, the latter apparently 
depending upon the age of the individual, the food plant, the climatr, 
and more particularly the season of the year. The insects probably 
pass through several generations in the year. The young larvae differ 
in form from the adult. I‘syllidae excrete or exude from their bodies 
matter which is sometimes called honeydew ; these exudations are 
often in large quantities, the substance running down from the trees 
on to the vegetation beneath, 

An insect, nsnied Psylln cisiclldtOf attacks ,'ind aborts mango shoots (sec 
hg* 3®3)> whilst another, Phdcopieyd Icnti^inosuifit (fig* 3®4) forms galls upon the 
Garrugap{nnata,Ar\(}ia.\.\\\Td,PsyllaohsoUta, galls on Dtospyros mtlanoxyhn. 
P, chsolfftd is a small winged fly ferruginous in colour with a single pair of 
life-history of P0 //4 oj/oWrt. transparent wings. The galls are formed by the young 
insects collecting together and sucking the juices from the leaf. The irritation set 
upi gives rise to a yellowish red rough swelling having the appearance of the gall 
known as oak>spanglcs in England. The insects mature and quit the gall in 
January. The insect appeaxs to attack only the leaves of young plants years 
old. 

Family Xn.—A/>Aid^ (Blights, Plant lice), 

A large family of minute insects which are extremely injurious to 
vegetation, and are proving themselves to be destructive pests in 
Indian forests. As usually met with they are destitute of wings 
although many species have two pairs of transparent wings which 
have a very characteristic neuration. In the wing there is one main 
nervure which forks, and from the fork another forked vein is given 
off. This IS characteristic of the Aphid wing. The antennae are 
long or moderately so, and are from three to seven-jointed. The 
body is soft, often bulky, pear-shaped, and green, yellow, brown, or 
black in colour. The surface is often covered with waxy blooms. 
The abdomen has often a pair of tubes or short processes upon the 
upper side of the 6fth abdominal segment which secrete saccharine ' 
solutions. The legs are feeble and the wings are often absent in the 
females. The first joint of the two-jointed tarsus is sometimes very 
short. 

These thin-skinned insects are sometimes called ‘blight, *aad 
during the warm months of the year they are capable of incteasiag 
in enormous numbers. This is due to peculiarities in their lite~ 
histories, which render this family a very important one in the eco« 
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nomy of nature. An Apliis is injurious owing to the enormous amount 
of sap it extracts from the plant on which it feeds, and also owing to 
the fact that it clogs up the stomata of a plant witli the saccharine 
solutions which it exudes. A fungus often arises from this sticky 
solution ; in the case of the Bamboo Aphis, which is common in 

India, a black fungus grows in the sweet matter it exudes and forms 
A felt'like mass on the stems. 

The eggs are often laid on the plant in the autumn and remain 
there till the spring, when there hatch out from them wingless females 
which do not lay eggs but produce young parlhenogenetically. This 
goes on till the autumn, the young reaching maturity in a week or ten 
days under favourable circumstances, and bearing younc^ nartheno. 
genetically in their turn, the insect thus multiplying exceedFngly rapidly 
and m very large numbers. In the autumn the last brood pr^iuced ar^ 
males and females, the latter being usually wingless. These pair and 
eggs are laid. The winter is passed through in this stage, and the 
wingless stern mother hatches out in the succeeding spring. The life- 
history is sometimes varied by some of the females of the last genera* 
m having wings. These may then fly off to another p'ant. and lay 
their eggs on it. This occurs in tlie case of the insect known as 
t hermes abletts-ptceas whose life-history we will shortly consider. 

This Chermei lives upon spruce and silver fir in the North-West Himalayas. 

Life history of Chtrmn abieHi. ^ >s passed through by the stem mother, who 

p/«,, St.b7 takes Shelter at the base of the shoots of the spruce and 

in the bark of the sho.t sJ^i^ 

their ceding at the K o thf "" "" ‘’V 

young leaves swoliing „p at their bases, the ^oung Krvti befominrrl 

chambers «i,l in it (fig. 305 '( he larva gro«s to full slte7ntheTanL "K ■ 

in the summer (July) thL ‘'-"P' 

gall contract, one end euWin^ ut, I th T* ® 

insect walks ouf its^Snes ih rh ^ n ®P'“® '*** "’^turc 

influence of the sun and Lr a ® '’P"” ‘he 

The effeci of this gall is toTrlnnf/r" then flies off. 

upon which they laVtheie^M number of them migrate to the silver fir 

K * which arc covered with a cottony deposit. The males 

M 
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pair with the females, and from the sexually produced eggs laid arise the stem' 
mothers. The stem mother from the portion of the generation which flew to the 
silver fir probably lives through the cold weather under the bark and appears in 
the spring. The larvae hatching out in May from the eggs she lays spread ever 
the needles and suck out the sap from them. They can be seen on the bright 
green young needles in the spring as minute purple black dots exactly resembling 
the small grubs in the spruce gall. Uiider their attacks the needles of the silver flr 
often become contorted and twisted into a spiral kind of cone. Towards the end of 
June these grubs become full grown and casting off the last larval skin become 
fully developed flies resembling those issuing from the spruce galls (see fig. 305 c)* 
These winged individuals fly lo the spruce and lay eggs upon it. Thus we have 
two generations of the same insect feeding at different times on two different host 
plants^ and we get the phenomenon known as parallel series. 

In Europe a well-known instance of this is provided by the insect Chermis 
abteitsdaricts vifhich forms the well-known pseudo-galls upon the spruce during one 
of the generations or series, whilst the other is spent upon the larch. In the North- 
West Himalayas these galls on the spruce differ from the European ones in that 
the upper part of the oranch does not continue to grow out of the top of the cone. 

A black aphid seriously attacks the blue pine in the North-West Himalayas 
and causes very heavy defoliation to the tree owing to the large amount of sap 
which it takes from the branches in the spring and early summer. This insect 
sometimes swarms so thickly on the branches as to entirely enclose them in a 

winged black mass of aphids. 

The genus Pemphigus contains other gall-producing aphids. P. edijicator 

uii-histot/ of thi fmpMgut produces galls upon the twigs of Pistacea terebinthus in 

Baluchistan. These galls are as much as 4.inches in 
length, and a tree may contain a number of them. The flies are black in colour 

and issue in November. Fig. 306 shows the fly and gall. P. napmus (fig. 307) 
and P. immunis (fig. 308) form galls on the twigs of poplar trees (.Populut 
euphratica and P, iremula) growing on the mountains on the northern frontier 
of India (Darkot Pass, Bunji on road to Gilgit, etc.). Pemphigus forms galls 
on the leaves of poplar trees (P. euphratiea, etc,) in Baluchistan where it is 
exceedingly common. The young larva hatch out in the spring and^ collect in 
one place on the under-side of the leaf and suck out the sap. The irritation set 
up gives rise to an elongate swelling which takes various shapes, the convex part 
arising on the dorsal surface of the leaf. The larva live in the interior of the 
swelling and mature about mid-summer. The swelling by then has turned pink 
and yellow, dries slightly and opens on the under-surface, and the winged flies 

crawl out and escape. . , , t 

Oregma bamiusa is a small black aphid which attacks the leaves of the 

bamboo Bambusa arundinacea in Dehn Dan. The insect is easily seen as it 

covers the leaves with a black sticky gum. Fig. 309 shows the apterous 
viviparous female and the winged female of this pest. 
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Family Xm.—A/eurodid». 

These are minute insects with mealy wings, seventeen-jointed 
antennae and two-joinled feet terminated by two claws and a third 
process. Little is known about them at present in India. 

In some cases they form scales upon plants, as in the case of the 

(^occtdas {vide below). An insect named Aleurodes eugeniie has 

een reported as infesting Eugenia jambolana trees in Poona in 
this way. * 

Monomera. 

Tarsi consist of a single joint only. 

Family yjis^^Coccidas (Scale Insects). 

The form in which these insecis are most usually known is that 
o a small scale or shell-like body closely adhering to leaves, fruits 
or to the bark of trees, shrubs, etc. The scales thus formed are of 
the most varied shape so that no general description can be given of 

® scale inay be defined as an accumulation of excreted 

matter, combined with the cast skin or skins of the insect, covering 

vvh- totally or partially, and thus acting as a shield under 

hich the subsequent development takes place. All coccids do not 
orm scales, but the habit of excreting a large quantity of matter to 
the outside of the body is universal. The insects are usually minute 
w, h b„. , smgb claw to the fool. The male haa one pair of 
but no mouth parts; the female is wingless and usually so degraded 

dlti^nT • appendages cannot be 

distinguished. When first hatched ihey are tiny little creatures, and 

Ii/k K females lose the powers of locomotion, 

althou^ m certain forms the females do not lose their antenn* and 

egs. ^ hey have no distinction between head and thorax. The 

beak ,8 three-jointed. It is as they approach the adult stage that 

ey ecome stationary and their bodies rfwell up and legs diminish 

produced. The eggs are 

bodv and as she lays them her 

y gets thinner and dries up, forming a kind of dish-cover over 

Forest^! No.”i* ^departmental Notes on Insects which affect 
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them, above which are the cast skins of the moults, and above these 
the encrustations of the scale. When the male larvae change, they 
change to a pupal stage which is exceptional amongst Hemiptera. 
In spite of the female being wingless these insects spread more and 
cause more damage than any other family of insect.^, The ability to 
spread depends upon the activity of the larvae and on the facilities 
which exist for the transport of the eggs. JMany of thesci which arc 
often laid inside cottony masscsj are blown about by the uindi 
others are transported by birds, etc. Cocoanut palms in the Laccadive 
Islands, areca palms on the Bombay coast, the sal tree in Northern 
India, and coffee bushes in Southern India and Ceylon are known to 
suffer to a serious extent from the attacks of the Coccidce ^ whilst 
mango and orange trees, tea bushes, and other plants ha^e been 
reported as harbouring various species. 

Information as to the attacks of coccids in the forests is at present very defec¬ 
tive in India. A genus bearing the name Afonophlsbus has within the last few ^ears 
come to the front as containing serious forest pests. The members of the genus 
apparently confine themselves entirely to trees and woody shrubs. The life-history 
of one of the speciesj named recently by Mr. E. Ernest Green as MoHophlBbus 
Siebbingi, has been to some extent worked out, and the observations noted 
have shown that this class of scale has serious destructive capabilities when it 
swarms in large numbers. This insect lives on the sdl tree, and during the last 
few years it has swarmed in ever-increasing numbers in the Siwalik s&I forest 
and adjacent areas both to the west of the Jumna and east of the Ganges. Its 
like-hifitory as far as at present known is as follows t— 

The young female larva first appears upon the s&l leaves during November 

Life'h'atory of the tree scale ^ minute yellow speck. This increases in size, 
inicct, Mooophlebus stebbingi. during February it quits the leaves and 

takes up Us position on the twigs. By the end of March it has grown into a far, 
robust scale, half an inch or even as much as f inches in length, by J or 1 in breadth, 
and covered with a white powdery substance, the colour beneath being orange or 
brown. The accompanying plate shows these insects feeding upon a sal sapling. 
The female is sexually mature about the beginning of April. During the whole of 
this period it retains possession of its legs and antennae and walks about over 
the largest trees, but spends most of its time with its beak firmly embedded in the 
bark of the twigs and smaller branches, from which it sucks up the sap. It is also 
to be found in numbers on the upper portions of saplings. The scales are some¬ 
times so thick on the stems and branches as to entire!}' cover the twigs^ which 
appear as if encrusted with snow. During the whole of this period they exude 
enormous quantities of a saccharine solution, which coats the leaves end twigs 
closing up the stomata, and drops down on to the parts of the tree below, thoroogidy 
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wetting them and the ground beneath. When the insects are numerm.. fKU 
excretion can be heard D-iLterincr HmuM i:u j * ^ numerous this 

The male larua ^ rain-drops, and soaks everything. 

adult whichYs a smlll the male 

In inch It aonf ° ^ a wingTxpanse of i 

male crawls dow" 'Ihe Tree“"seekhi‘gTurrrr 

or fallen trees, large stones etc Is ^ sW? T® 

Theve ap» *.«, j j r ^ " V sheltering place in which to lay her eses. 

Ihese are extruded from the body in a cottony sac-liUe bag wh-ch is nlr!??! 
i» colour rd,b„i» id ,' ° '''' ■f"' '«e‘ "ta®-" 

skib.ialo l„i,. ,,_i 'o' “'•.'J' '“«>"/ cess sac. Che egg, male larval 

i* ...i a cShecieg Co 

•I u , " female insects feeding on it 

.r«s Chue being cbin'c.d cm 

already mentioned that this nect i« ..r' i V suiter .everely. It has been 
yedalia guMmi-vide p. i,? Other In upon by a coccinellid beetle 

been found upon sissu^ lea^ maneo^'T* of Monophlebus have 

^Puigera, but their life-hisiories’have yeUo b^woIITedlir^’^'’^''* 

Hima.a,as. U i, a p 2 ° 

comes to rest early in life and ofrln t-u'’ 11 scale which 

tree causing them to turn yellow and drop^ff°''Fie 

the tea plant. also attacks 

Lecaiitum nigrum is a minute black crau i,- u i 

Dactyloptus adonidum is a small =,,,1 
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Amongst useful species the lac insert t' i. 
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sucking up the sap by means of their proboscis with which they 
have pierced through the young bark. In this position they form 
a sort of cocoon or shell covering by excreting a resinous sub¬ 
stance. The male cocoon is ovoid in shap2, the fema'e circular and 
larger. In about months the female and male inr^ects mature. 
The female^ however, remains tn siiu and throws up round herself a 
larger coating of resin. As the insects occupy positions on the twigs 
in close juxtaposition to one another, these coats join and this forms 
the lac of commerce. Fig. 313 and 314 show various stages of this 
insect with branches infested b)* the scale and the larva pupa and 
moth of one of its predaceous foes the insect Enblenttnu atnabths* 
There is a very large export of lac from India, and it is a valuable 

minor product of the Indian forest. 

The cochineal insect, Coccus Cacti, was introduced into India in 
1795 vvhen it was placed upon the indigenous Opuntia. It thrives 
very well upon this and has a large commercial value owing to the 
valuable dye it produces. 

The insect known as White Insect Wax, Ceroplasies eertfetus, b an inhabitant 

Ltfe-hutory of Ceroptaita of Central and Southern India. 11 secretes little conical 
ttri/trut. masses oi a sweet white waxy substance around it 

(fig. 31 j) and is to be found at times fairly numetous upon pipal and other treea. 
These white masses arc sought for eagerly by jungle tribes, especially children, ai^ 
eaten with relish. The young larvae swarm on the trees from the waznaasetbl 
February and March in Chota N agpur. They are tiny orange grubs and feed at 
first on the wax excretion. This wax was tried for candle purposes before the days 
of kerosine as it was hoped that it would be able to rival the Chinese form, but it 

was found to burn with a smoky flame. 

Useful Hemiptera. 

The family Pentatomidx contains the soldier-bug, an insect 
which is useful in India, as it destroys caterpillars. The Redtariidm 
are predaceous upon insects and probably destroy numbers of injuri- 
oas forms. The Chinese insect wax {Fulgoridse) was at one time a 
very valuable insect, as from it a large trade in wax candles sprang 
up, the world’s markets being largely supplied from this source. It 
wa's thought at one time that the white insect wax (CVr*//«r/«r 
ceriferus) of India would be utilisable for the same purpose, but its 
wax proved to burn with loo smoky a Bame, and the geueral 



314 The Lac insect ( Tachardta iaccaf i Branch showing iac incrustation with swarm* 
ing larvae , u, same enlarged ; transverse section of female cells to show their 
structure, ic, longitudinal section of same; irf, empty skin of female taken from 
cell. 3. Twig of lac showing holes made by the larva of EuhUmma amaotits to 
enable the moth to issue from the interior of the lac incrustation where the larva 
pupates 2a, longitudinal section of a iimncl by which moth escapes. 
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introduction of kerostne caused the experiments being made with it 
to be given up.^ Its only use at present is as an article of food 
amongst the villagers. As already mentioned^ there are two 
extremely useful insects in the family. The lac insect [T, lacca) 
secretes both a wax and a dye. The insect feeds upon the dhak 

(^utea ffondosa),t\iehtv {Zizyphus jujuba), pipal [Ficus religiosd) 

kusum [Schleichera trijuga), babul [Acacia arabica), and numerous 
other forest trees. It yields twocrops in a year, the lac encrustings 
the twigs in large deposits, and forming a valuable article of forest 
produce, the world's supply being exported from India. 

cochineal [Coccus cacit) secretes a valuable dye. 
variety in India lives upon the Opnntia (prickly pear). 


An inferior 






Chapter XI. 


Class 5 — Myriapoda. 

In this class the animals differ from insects in having the segments 
of the abdomen of similar size to those of the thorax, and they 
always carry some appendages. The legs are always more than 8 
pairs in* number. 

The class is divided into two easily recognisable orders. 

Order 1.—Chilopoda (Centipedes), 

■ 

Number of legs 15—20 pairs, only one pair on a segment; antennae 
are composed of 14 or more joints; body flat The animals may 
be useful as many are insectivorous. They are common in most parts 
of India and may be found crawling about during the daytime. Many 
live under the bark of trees or in rotting wood. The female produces a 
large number of young. In the large Assi-m species shown in fig. 315 a 
as many as 200 young ones were counted with the mother which was 
dug out, with the young ones coiled about her, from a large rolten 
Bombax malabaricum log in the Goalpara forests. 

Fig. 315 b shows the large centipede, Scolo pendray common in the 
Dun« 

Order 2.—Chilognatha (Millitiedes). 

These are common animals resembling centipedes, but having an 
indefinite number of legs, most of the segments bearing *2 pairs; 
antennae are composed of only 6 or 7 joints; body is rounded so as 
to be more or less cylindrical instead of flat as in centipedes. 

These animals live on vegetable matter, chiefly decaying materials. 
They are to be commonly found in Indian forests engaged in this 

way. 

Pig, 316 shows a common Indian Millipede. 
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Chapter XII. 


SYSTEMATIC EXAMINATION OF THE PHYLUM CHORDATA OR 

VERTEBRAT.V. kuaia OR 

Chordata are characterised by having CO a Horaal o.;,! 1 1 ^ 

which in a few of the lowest, and in the e.arly embryonic stages of alf the 

i7ihr ^ rod, the notochord, but which 

vertebral column or backbone; a dor.-al nLve-tube consistin^^oVth’' 

bram and spinal chord, lying to the dorsal side of the axia skel t 

that the anterior part of the alimentary canal i* 1 il . 

.ith« gill.clef.. .„d gill, being present or luogf “hlchari^! 
embryo a, paired onlgroivths of the gullet. Mo.f vertebrata I, ?•' 

atruetore, but it abould be noted that there are aeverlnL ‘ 

a»i in Balanoglossus and the Tunicates or <?«» obscure, 

the skeleton is at best only represented in L I 

notochord: the nervous system*^!, feerjy dcvebpl^‘al '^^‘*** 

Mose organs. They are hermaphrodite and repro^ductionVybu^rl'^*’* 

X.."rf2, J:: .-r'- 

jewed by a welf-developed fle.ibte notochMd .S'ttrdor'°1 

tube remains as a simple thick-walled #..k • • * neive- 

^01 iu eenlrnl canal eommunieate, witt 

'«• ~~ T »i- n . an ."h. ‘ "o'ocbord is. with 

tobe expands at <«.• «d to to "<* *>’•“ "«« 

•pe3fcJS“S^°'?b 'If™' “'f* 

“'■won- Tbo dofMI axial akelotoa eooil... 
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of the backbone and skuil which have been already de> 
scribed in the Introduction. The appendicular skeleton 
consists of the bones of the shoulder girdle and fore-limb 
and the bones of the hip-girdle and hind-limb. These 
have already been considered (see pp. ix, x) in the Intro¬ 
duction. 

(2) The Nervous System consists of the brain and sense organs 
and the spinal cord which have been already considered in 
the Introduction. 

(3) Respiratory modifications of the anterior end of the ali¬ 
mentary canal may, as already explained, occur: e.g./xn 
fish we have gi*l-Llefts and gills, whereas in mammals we 
have lungs. 

The digestive, circulatory, excretory, reproductive system, etc., in 
the Vertebrala conform to the descriptions given in the Introduction. 

Classification of the Vertebrata. 

The Vertebrata are divided into two divisions depending upon the 
presence or absence of a notochord :— 

( 1 ) Vertebrata in which the notochord persists, the skull is a 
membranous and cartilaginous bag and no jaws or limbs 
are present. In other respects these Vertebrates resemble 
fishes. l‘he Lampreys are a good example of this division, 
which is a small one. They attach themselves by suction 
to living fish which they devour. They do not occur 

in India and are unimportant. 

(II) Vertebrata in which even if, as is very rarely the case, the 
notochord persists, there is present a backbone and skull, 
jaws, and usually (though not always) two pairs of limbs. 
This is a very large division including the rest of the 
Vertebrata, which are divided into (i) Fishes, (ii) Amphibia, 
(iii) Reptilia, (iv) Birds, and (v) Mammals, The Fish, 
Amphibias, and Reptiles are of secondary importance 
here and will be treated of shortly only^ whereas the birds 
and mammals will be considered in greater detail* 
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Class I,—Pisces (Fish). 

hanl" compressed and spindle-shaped : head 

P^ss gradually into each other, the last being very mus- 

limitH The*b"V’^‘''‘ movement of the head is usually very 

mTrcontaTn celk with a somewhat thin epidermis which 

uJwu L Tl e u ‘'i o>sifications. of which the best 

in r.A- t lu ‘ 'vhich are in bony plates lyin- 

•n cavities of the dermis. The limbs of fish may be whoby wanUnt 

or one pair may be absent, but in no case is the number .rLtlrthan 

hov!l^ver' two pairs. When developed 

bovveier the limbsot fish are very different from those of other 

‘bony o?Sstlv“suf expansions of the interment, furnished with 
“fins." T^paironi^tbs^wh-'^h^*’ constituting what are called 

fore-limbs o? o her vttebra^ ‘he 

limb, in fish are know n as th. /T^ ‘ pectoral “ fins. The hind- 

wanting altogether but when olten 

pectorals and^ Lss fixed 7n ZsZT A 

fins represent the fore- and hind-limbs the're a'^re^’tw t^"'^ 
when they are nresent nr ^li TVu ^ each 

" paired " fin,. |„ , arn ot ns 

are what are called r acsence ol them, there 

appearance to the others, but are unnairr.d *- A ri, S'milar m 

or ventral, and if near the venr an 1 ^ j 'u he dorsal 

of the vetebral column, called the “ caudal" r 

placed vertically and is the chief or<yan r *" ’ which is 

^r^n is^uatirand „ eff7c!ed * 

S«e«i«- at the metiaj of fhe BhJL a"'"® 

in the foHo.ine word. 

and .n.t,of the pelvic a. ventral and rf ««idal. 

^ tonaloeation a. abdominal or thtr^e th7 k“ 

In^rale and absnrd . ,’ * convention of the put, is 

.1 .*■ the veatrll ^be future that the 

*bo Mlviev «a«e s . , *"® nntni/rJwge,■ and that for the mmw»rai «—:»• . 
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or branchiae. The arrangement and structure of the gills varies 
considerably in the different orders; it will suffice here to say that the 
gills consist of a single or double series of flat cartilaginous leaflets 
covered by mucous membrane, richly supplied with blood andarrang* 
ed on bony or cartilaginous arches. The branchial arches and 
branchiae are suspended in cavities placed on either side of the 
neck, and ordinarily there is only one such cavity on each side. The 
water is taken in at the mouth and gets to the branchial chambers by 
means of a series of clefts or slits which perforate the pharynx. 
Having passed over the gills and lost its oxygen, the useless water 
makes its escape behind by an aperture, called the gill-slit,'^ which 
is placed on ihe side of the neck. The opening of the gill-sHt is 
closed in front by a chain of flat bones which form the “ gill-cover 
and by a membrane which is su[»ported upon a variable number of 
slender, bony spines. Whilst the respiration of fitches is truly aquatic, 
most are nevertheless furnished with an organ which apparently 
corresponds to the lungs of higher Vertebrates, This is known as 
the “ air-bladder and is a i«ac filled with gas and situated between 
the alimentary canal and the kidneys. In the majority of fishes this 
bladder simply acts as an adjustable float. The anus or vent may lie 
at the boundary of the trunk and tail, as in all higher Vertebrata, but 
has moved forwards, sometimes even far on to the trunk. The anal 
fin in such cases follows the anus and is usually found close behind it. 
Fish are what is termed cold-blooded animals, their temperature is 
the same as that of the medium in which they live, Most fish are truly 
oviparous, and the ovaries are familiarly known as roe* The male 
organs of reproduction are knowm as soft roe/ Some fish retain 
their eggs within the body till the young are hatched. 

The fish are of no importance for the purpose of this work,^ and 
we shall not consider the various orders into which Pisces are divided. 
P5g^ 3*7 shows the w'ell-known Mahsee^" {Barbus tor) and fig. 318 
Clupea ilisha the 'sable-fish" or ‘hilsa' an excellent edible fish 
which swarms up all the larger rivers of India and Burma, generally 
ag soon SIS the monsoon commences. 

Class li.—A mphibia. 

This class of Vertebrata comprises the frogs, toads, and snake-like 
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PLATE LXXY. 



319. A Frog (Bam Hgrmay 
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A few newts occur in IndiA. One, Tylototviton vcfKU' 
cosus, first described from Yunnan, was obtuned by the late 
Dr. Blanford and others in Sikkim. In all cases gills or branchia; 
adapted for aquatic rt^spiration are present during a [lart or the whole 
of life; but in all cases true lungs adapted for breathing air are 

ultimately developed, even when the g'Hs are retained through life. 

All pass through some sort of metamorphosis after being set free from 
the egg. The imbs may be absent or there may be only one pair, 
but in no case are they ever converted into fins. When median fins 
are present, as is sometimes the case, they are not furnished with fin 
rays, etc., as in fish. The skull always articulates with, or is jointed 
to, the spinal column by two articular surfaces or condyles. There isa 
common cavity or “ cloaca " which receives not only the termination 
of the intestine (rectum), but also the ducts of the kidneys and of the 
reproductive organs. The skin is soft and glandular, and as a ruU 

maiority of cas« U.e Amphibian, onmmen/e life as waj;.br,a.hrn ' 
Urv* provided with gills; but in their adult state they posse,s two 
breathing longs, the gills sometimes disappearing when the longs are 

is' 1^ 1" “osl nases. and always 

retained, the gills are external, placed on the sides of the neck and 

not contained in a special cavity, thus differing from ibe gills of 

(Rana) which belongs to the Order Anoura is a 
a typical Amphibian. The larval state is ^ssed 
the animal is then furnished with a tail and has 
has no tail and breathes wholly by lungs, and 
Both p^irs of limbs are always developed in the full- 
. hind-limbs are enormously developed, beine' 

considerably longer than the fore-limbs and have the toes webbed 
whilst those of the fore-limbs otp frpt^ TUa t ^ ' 

fully, and CM also take extensive leaps. The skin is soft. The spinal 
column IS short; the dorsal vertebrae are very long, and the ribs are 
quite rudimentary The bones of the fore-arm (radius and ulna) and 
those of the leg (tibia and fibula) are united to form single bones, 
^e frogs are distinguished from some other members of the order bv 

U d at will, while the upper jaw IS always armed with 


fishes. The frog 
good example of 
in the water and 
gills. The adult 
through the skin, 
grown animal, and 
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lungs are comparatively well developed, and as there are no ribs 
by which the cavity of the chest can be expanded, air is taken into the 
lungs by a process resembling swallowing. The skin also plays an 
important part in the xration of the blood and the frogs can carry on 
their respiration by means of the skin without the assistance of the 
lungs for a very lengthened period. This, however, does not give ere- 
uerce to the stories that frogs and toads have been found in closed cavities 
in solid rock, no authenticated instance of such an occurrence being 
known to science. The heart is divided by a septum into two auricles, 
right and left; the latter is the smaller and receives blood from the lungs, 
whilst the right receives the blood from the rest of the body. The ven¬ 
tricle is undivided. The ova of frogs are deposited in masses or strings 
in water and the young are familiar to all as tadpoles. Upon its escape 
from the egg, the young frog presents itself as a little fish-like creature 
with a broad head, a sac-like belly, and a long, compressed tail with 
which its swims actively. It breathes by means of gills of which there 
arc two sets, one external and the other internal. At first there are 
no limbs ; but as development proceeds, the limbs make their appear¬ 
ance - the hind-limbs first and then the fore-legs. The tail, however, 
is still retained as an instrument of progression. Ultimately when the 
limbs are fully developed, and the gills have given place to lungs, 
the tail is absorbed, and the animal now takes to the land as a perfect 
frog. From the above it will be seen that when hatched the tadpole 
has gills like a fish, but has lungs just as the typical fish has an air- 
bladder. Its metamorphosis is essentially a change from a fish to a 
land animal by the loss of the gills and the development of an air- 
bladder into functional lungs. 

The Amphibia are cold-blooded and are of importance since they 
connect the fish with the reptiles and birds on the one hand and 

mammals on the other. 

In India the chief Amphibia met with are the bull-frogs, little 
brown frogs, tree frogs, and toads. The. frogs and toads of India are 
classed in six families containing 134 species. Rana tigrina (fig. 319) 
is a common Indian frog. Tree frogs, of which there are many Indian 
species, have the tips of their toes and fingers exparded to form 
disc-like suckers for climbing trees. Frogs feed on insects, probably 
destroying numbers of injurious species, and so are of use in this way. 




PLATE LUVI 



310. Indian Toad (Bufo mdanatUeius)* 
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Saychelle Islands, Tropfcal Africa, Ynd^Tropi'S Imertf‘'’ l'T 

s„rke!|fk'e '"^r^'raltrL Wa„ 7 :re Z; '’r " ^ 

in soft mud. The egag are ven^^l ^ situations, usually 

water. I he young do not leave the ecrg-mass until .ft . at! T 
the external gills; they then lead an aquatic life. 

ep. Class Ilf, — Reptjlia 

Tortoises. Lizard* and S L 
Both Reptiles and Birds have the following charact;. 

There are never at any period of life gills or hrZ l 
*un .r,ic„„.« with .k, 

articulating surface or condyle (knuckle); each half of th ^ 

bone'' (fig. 3,0. In dl Rep'tn^^he 

warmer than the temperature o^f the extern^^ '^fold, r.^., very little 
live. They are generally covered with scales *” A ***'” '''bich they 
There is no division between the cavities of feathers. 

case are L ,0':c^L^nrd :! 'f~y. but irno 

birds, and in no living Reptiles is there a*^ bone I 

metatarsus.” ® known as the “ tarso- 

With the exception of Tortoises and T,.rn 
of an elongate, cylindrical form furnish^a,! h "Mostly 

The tortoise, lizard, and snake form typical exam 
The external covering of snakes and^fzards cons^T* r^ Reptiles, 
as in the tortoise and also in the cromd i scales, where- 

epidermal shields covering bony plates st t . of horny 

narily and some lizards are also limbless • it sh 
.... a.wa,u bony. ,n ng 
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pieces arc united together or not. is jointed to the skull by means of 
the “ quadrate bone ; ” and as this often projects backwards, the 
opening of the mouth is often very extensive. Teeth are generally 
present, but they are chiefly used for holding the prey, and not in 
biting' and chewing the fooa. The termination of the intestine 
(rectum) opens into the cavity called the “ cloaca,” which receives 

also the ducts of the urinary and generative organs. 

Reptiles generally lay eggs, but some snakes, such as the vipers 
and also a few lizards, are viviparous. The egg-shell is usually 
parchment-like, but in other cases contains more or less calcareous 

matter. 

The class is well rep-esehted in fossil forms, several orders of 

extinct reptiles being known. 

Order I.—Crocodilia (Crocodiles). 


Crocodiles differ from lizards and snakes (the two following orders) 
and resemble turtles and tortoises (i) in the position of the quadrate 
bone, which is wedged in among the bones of the skull, and (2) in the 
nature of the penis, which is single. They are distinguished from all 
other living reptiles by having the teeth planted in sockets, and (2) 
the heart consists of four quite distinct chambers (instead of three) 
the septum between the ventricles being complete. The halves of the 
jaw arc united anteriorly as in the last order. The well-known form of 
the body of the crocodile is adapted for an aquatic life, the enormous 
tail acting as a propeller. The tail, in fact, is the principal organ of 
locomotion ; the limbs being only called into use for clambering into 
and out of the water; the tail is also a powerful weapon of defence 
and attack. The limbs are short; in the fore-limbs there are five fingers, 
of which the fourth and fifth are small: the hind-limbs have four toes, 
which in some forms are webbed. The integument consists of bony 
plates totmed by ossiBcalions ia th, true skin, each Iwuy 
covered by a leathery shield of epidermis. In the Indian Crocodilia, the 
bony plates are deyeloped only on the back; the coyering elsewh^ 
beingtothery. The nostrils, nhich are Urge and vnlvoUr, tk' 

the er.ern.1 ttMte 

C>-Xnrhi«en“\rsn.ir^^^ emninm and the 
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huge size of the bones of the face and jaws, and the nasal passages 
opening near the tip of the snout, so as to enable the animal to breathe 
with its mouth below water, are characteristic of this order. 

^I'ocodtlus includes two Indian species, one of which, though 
i^biting certain rivers, the Ganges, Brahmaputra, Indus, Mahanadi 
(Orissa), and Koladyne (Arakkan), with their tributaries, is very com¬ 
mon in estuaries, and is sometimes seen off shore at sea. Fig. ^21 
s ows the skull of this crocodile. Gavialis (the gharial), the other, 
18 tound in rivers, marshes, and ponds and is recognizable by its 
slender snout* It feeds entirely on fish* 


Order II.'*—‘Chelonia (Tortoises d.nd Turtles), 

There is no mistaking a tortoise. The shell over the back and the 
horn-covered, toothless jaws forming a kind of beak, separate them 
from all other four-footed creatures. Chelonia may be described as 
_^es ria or aquatic reptiles with walking limbs or with paddles. 

kinds are called Turtles, the others Land 

Tht Z <=ase or box 

tack Md ttaX*!. »■> «>» 

back and the orter on the lower surface of the body, firmly united at 
their edges The dorsal shield is more or less convex and rounded 

few‘comDletlv fl ‘carapace," whilst the ventral shield is more or 
less completely flat or concave, and is called the “ plastron." Fig. 

^ lower surfaces of the shell of Platyiternum 

megacephalum. They are united by their edges, but they ^have two 

fo^ fore-limbs, and one behind 

or the tail and hind-Iimbs. Both the carapace and plastron consist 

of bony plates covered by horny shields, and the form and arrange- 

ment of the superficial horny shields must not be confused with thfse 

of the underlying bony plates. All the aquatic forms have the bodv 

amd limbs flattened, the limbs forming swimming paddles in which 

di,«„g„i.hed extSi; 

is V® “f. "“'''y ‘«n-estra ; i„ these terms the body 

o the shell. Both eyes, furnished with evelids »nA 
««^h,I., „e pres,., i„ .he head, in the sketer it T5i t s^^f 
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that the carapace is made up of (i) modified vertetrae, (a) modified 
ribs, (3) marginal bones developed in the skin, which complete the 
margin of the carapace and are ossifications of the true skin. The 
plastron is made up of bony plates, usually nine in number, 1 he 
halves of the lower jaw are united anteriorly, and in the skull there 
are no nasal bones and no teeth. The quadrate bone is wedged in 
and hemmed in on nearly all sides by the neighbouring bones and 
stands nearly vertically, forming a broad articulating surface. The 
marine turtles, with the exception of the edible green turtle, arc 
Carnivorous as also are most of the fresh-wa(er and semi aquatic 
tortoises t the land tortoises, such as Testudo Diegans (fig. 323) are 
herbivorous. The Chelonia lay eggs which are either aoft-shclied, aa 
in the true trutle, or hard-shelled, as in the common mud*tortoisc 
{Trionyx hurum, fig. 322J of the Gangetic delta. 


Order IIL— Lacertil!a (Lizards). 

In many respects the lizards resemble the snakes, as they have the 
quadrate bones free instead of wedged in among the bones of the head, 
and they also have a double (paired) penis. In the case of the 
limbless lizard the resemblance is most marked. They can be dis* 
tingnished by the following two characters: — 

(1) The two halves of the lower jaw are always firmly united by a 

bony suture, whereas in snakes they are loosely connected 
by an elastic ligament and are widely separable. 

(2) Hidden shoulder bones are always present in lizards, but arc 

invariably absent in snakes. As a rulCi too, lizards are 
distinguished by not having a row of enlarged ventral 
shields, but some snakes want these also. 

Limbless lizards can be distinguished from snakes by the fact 
that they usually have either an external ear-opening or an exposed 
drum, neither of which are ever present in snakes, and also by the fxi 
that the tongue in limbless lizards is not retractile into a basal sheath 
as in snakes. Further, liia^, with a few exceptions, have movable 
eyelids which are never present in snakes. Eyelids occur in snakes 
according to Boulenger, but are immovable. They ve immovabk in a 
few lizards (Seine us}« The teeth are firmly fused with the bones that 
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PLATE LXXIX. 



335. Common house gecks {JJcmwavtylut gUadavH). 
326. Common Indian Lizard {Cables rer$iedlor'). 


[to lace p»g* *79* 
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have a collar-bone m addlUon (o the shoulder blade or coracoid 
There are usually five toes to the foot (one Indian genus has 

Tk ^- ‘ n '""’e ‘''e“ ‘he tall are extremely long. 

The body is usually covered Avith scales. ^ ® 

Jncir all are more or less 

:“To:eT:r:;rttrb':: t r‘r" 

f'crccur ieefe/rurfr, of which the head is shown S %f 3", 1 ‘"h«s 
in holes in dry places, y . salvator (fig. 327 B.) which ha<! a r\lr^ v 
snake-hke tongue, is found in marshy localities or on trees over- 

ofS ZT ; "'"'V'’' ”1" i"'»hit the banks 

of rivers and estuaries and even the sea-shore taking freely to the water 

anrcr^.!LT‘’VheTrea; of fishes 

on dry land and of these some never leave the ground; others „e 
arboreal such as CahUs versuoUr, a common Indian lizard (fig eafil- 

“Z z »•“’ '"“a “”0 of the geckos frequent human 

inhabitations, and often have the scales of the under-surface of the 

fingers and toes specially modified to form adhesive discs for climbing 

tip smooth perpendicuUr surfaces. Hemiiactytus ileadovii (fig uj,? 

IS the commonest house-gecko of India. Although not much usrf by 

civilised man .for food, lizards form a part of the food-snpply of many 
savage and semi-civihsed races. ^ raany 

Order IV.— Ophidia (Snakes). 

As already stated, th? snakes are closely related to the lizards from 

jaw loosely united by ligaments and capable of separation; (2) in 

having no lra« of a shoulder-girdle; (3) in having neither mUbfe 
eyelids nor extern&l ear-'openings. 

theretoe“rf'fo'“'r * ^oulder-girdle, no trace 

gwdfe and h^dimbs. I.*is only rLly. as in the cJ^ 

Indian python, that rudiments of hind-limbs are present. In the 
absence of Imtbs. snakes crawl on the ends of their ribs, of which there 

N a 
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are a pair on nearly every vertebra, and which are not attached to any 
sternum. The skin develops horny scales, with which the body is 
covered, but never bony plates. In locomotion the great belly-scales 
are of great assistance by catching against roughnesses on the surface 
over which the snake is crawling, and thus affording a leverage# 
The looseness and mobility of the jawbones, the absence of limb bones, 
and the multiplicity of free ribs form the peculiarities of the skeleton 
of a typical snake. 1 he teeth which, like those of other reptiles, are 
set backwards and are of use only for seizing and holding prey, and not 
for chewing, are numerous, and are found not only in the jaw-bones, 
but also on the bones of the palate. In the venomous snakes the 
front tooth of the upper jaw on each side is enlarged and deeply 
grooved or “perforated” along its whole extent, to convey the secretion 
of the poison-gland into the wound inflicted by the tooth. Certain 
snakes which are not poisonous, at least so far as roan is concerned, 
have one more of the hindmost teeth in the upper jaw grooved. 
The venom-gland in the poisonous snake lies beneath the eye and is 
to be looked upon as a spf‘cially modified salivary gland. Its secretion 
(the venom) is a clear limpid, yellow-coloured, acid liquid, which 
owes its virulence to certain soluble albuminous bodies it contains. 
The poison, if drUd at a moderate temperature, or if preserved in 
alcohol or glycerine, will retain its virulence unimpaired for years. A 
wide duct conveys the poisonous secretion from the gland to the 
base of the poison-fang. From its position among the muscles that 
work the lower jaw, the gland is squeezed when the snake forcibly 
contracts these muscles in biting, and the poison is thus ejected along 

the duct and the channelled tooth into the wound. 

Owing to the extreme mobility of the bones of the jaws and palate, 
snakes are able to open the mouth not only in a vertical direction, but 
also in a horizontal one; the gape is thus capable of enormous 
distention, so that a snake can swallow prey of greater diaineter than 
itself. The tongue is forked and retractile into a sheath at its base.^ 

Snakes are all carnivorus and predaceous. The great majority 
live on the ground ; but some live entirely underground, these often 
having the tip of the tafl modified {VropeKidat). Others arc almost 
exclusively arboreal, and have a long prehensile Uil and a colour in 

which green predominates. A few are confined to fresh water; white 



Fig. 327. 
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a considerable number are exclusively marine. It is doubtful whether 

any snake is of direct benefit to man, while many are in the highest 

of I- belongings. As regards the question 

( j ® “^termination of poisonous snakes, the only reliable wav 
of deciding whether a snake is poisonous or not is to secure it and 
00 c at Its teeth, to see whether or not the front pair in the 
fangs^ jaw have the form of enlarged and grooved or perforated 

Indil*!^? "e nine families of snakes, all of which are represented in 
odia, and It may be added that India is the only country in the 

be suffi'cienHorV ^^™‘be8 are found, one being peculiar. It will 
oe sumcient for our purpose to mention three here. 

Family l.-—Coluhrid3e. 

knoii“Tn!i-*'^ One-thirdof the 

har I are colubrids. It includes a large number of 

to ‘ o( species, which, though 

snakes whJ^ "“merous species, such as cobras, kraits, and sea- 
’ amongst the most deadly of all poisonous snakes. 

large sc?es''or‘*lfH^^^^^^^ have the top of the head covered with 

(/. g. 328.) except in the sea-snakes. They are divided into non 
poisonous Colubrids of which 140 Indian species are known and' 
poisonous Colubrids, of which 39 Indian species are known. ' 

shield7on°fk**T^°”°<“®u‘^°^“*^"^“ recognised by the large bead 

A.* * shown in the head of Tropidonotus 

are^ all^solS the boreal shields, and by the anterior teeth which 

their allies, however"°onf!Jrmtre 'of Horaolopsis and 

are grooved. Th^ I H ^ posterior ^maxillary teeth 

®i»e and sm numerous and not very unequal in 

Mw: W «cl. .Id. I, 

»n two close-set rows do ’ *"** ^ 3 ) 

colubJine mfg^ condst of fo a harmless 

8 consist of four long parallel rows of punctures of 



iSz 


A MANUAL OP ELEMENTARY FOREST ZOOLOGY. 


nearly equal size. They may be ground snakes, such as the common, 

aman or rat-snake and the snake Tropidonotus stolatus 

ff arboreal, such as Dryophis mycferigans, a gentle snake 

often found in bushes (fig. 331) or live in fresh water. 

I • PO'Sonous colubrines have the large head shields but no loreal 
shields. They can be at once detected by the arrangement of the 
teeth. As in the harmless (to man) snakes, there are (i) a row of 
c ose-set teeth along either side of the lo^er jaw; and (2) two rows of 
close-set teeth down the middle of the palate The form and arrange- 
ment of the upper or » maxillary ” teeth is different; these are in a 

* 3t most three or four in number—on either side,and 

the front tooth in each row is distant from the others and is usually 
enormous^ enlarged. This large tooth is the deeply-grooved or 
perforated poison fang above described. The impression left by the 
upper jaw, then, in the case of a vigorous bite from a typical poison¬ 
ous colubrine snake would consist of two large punctures made by the 
poison angs, while far behind each of these large punctures might be 
either a second small puncture, or a short row of, at most, three small 
punctures, made by the other maxillary teeth, and between these might 
be two longer rows of small punctures made by the palate teeth. The 
most deadly of the land poisonous colubrines are the Kraits {Bungarus, 
and ihe Cobras The Cobra or Naga tripudians) 

shown in flg. 332, is the best known of the deadly snakes in India. 

The poisonous sea-snakes of the family are all very deadly. About 30 
species occur in Indian seas. 


Family \\.—Viperida! (Vipers). 

The Vipers are a|] poisonous, and the Indian species knoivn as the 
Russel s Viper is one of the most deadly of alt snakes. 

Vipers can generally be recognised (i) by the shape of the head, 
which is something like the ace of spades, being almost triangular and 
very sharply constricted from the neck ; (2) by the short blunt tail; and 
{3) by the fact that the head is usually covered, not with large shields, 
but with small scales like those on the upper surface of the body and 
tail; fig. 335 shows the head of Trimeresurus moniicola. 

A few tree vipers have, however, longish tails, and a few others 
have bead shields like those of the colubrines. Vipers can, lioweverj 
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»hen broken or lose, bot behind it .here /re'no ro! 'f ** 

are m most of the poisonous colubrines. 

deadliesToHL vlpm°URu"sl«^^^^^^ o' 

%• 334 . ‘ russetlli, ,!,„„„ 

Familv III.- 5n,v.fe (Rock-Snakes, or Pylhone). 

India. fa 

,he head o, PytZZt»%\t^T''^'^ ^'>3^9 
rndimentar, hip.girdie, but also on each sldj ''°' ”"'3' “ 

to which is attached a claw which ^ » rudimentary femur, 

vent. They grot. .0 as much L aj fee, in f‘^b' 

attained in the hot dry parts of the J®"8th only being 

climbing trees. They feed on bir^^ Pythons are fond of 

with their teeth and then suffocate bv T' they seize 

The rentale python baSeTher^rr®: '"’ V" 

tneiHi y coiljDg- herself Around 
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Chapter XIII. 


Class IV.—Aves (Birds). 

Birds are closely related to the Reptiles, with which they agree in 

alimeft "“cJeated blood-corpuscles and a cloaca terminating the 

’ organs also 

column bv nn^If articulates with the vertebral 

composed of several pieces and is joined to the skull by means of the 

Tar^bbor®’ d f'-oo' Reptiles in their 

f^rm of tL bnd -f The 

and limbs 1 ^ " uniform, though the proportions of the head, neck 

and hmbs vary somewhat. The trunk is short, plump, and nearly 

«hI'chmove th?wing«^VareTlf' ? "" 'T 

thouth tJf™ and length, and usually has the nostrils situated at the base 
The headli ^e 7 m^b forwardly as in geese and gulls (f. 336)! 

form fbo k L. • ^ ^ upper portion may be curved down to 

in Scissor-billed tern, or the tips of the bill may be crossed as 

have been mo^fied^ * fore-limbs 

u tj supports for the flight feathpFQ Tii- 

the”lat^miM ^T*** shoulder blades, coracoids aod collar-bones, 

al"*' r‘“‘ « occupied by a SS 

•!wk limb in repose is folded up into a Z-shane 

bodv.^a^ pointing backwards. The hind limbs support Sie 

K* d^ ’ f * * thigh is included in the trunk, though it is free in 

* n iifV’ hone of the leg, the tibia with 

a smau bbnta .tt«i|*d a. The foot nsn.ll, for... 
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is composed of the tarsus and metatarsus of other vertebrateSi called the 
tarso-metatarsus, which is rarely applied to the ground, birds resting and 
moving on the toes only, which never exceed four in number, the first 
of which is generally directed backwards (fig. 338), and is often small 
or wanting. The fourth (outer front) toe may also be turned backwards, 
constituting the paired-tced feet in Parrots, Woodpeckers, etc. The 
skin in birds only contains one gland, the large oil-gland, at the root 
of the tail, the buttery secretion of which is used in lubricating the 
plumage. The skin is covered more or less completely with feathers 
which do not, however, usually grow uniformly from its whole surrace, 
but from certain definite areas, and this may be seen in the young of 
birds w hose young do not possess nestling-down. The form, of these 
feather-tracts is of some importance in the classification of birds. The 
feet are usually covered with scales, either many small ones or compara¬ 
tively few large ones, as in most birds. The ends of the toes are provided 
with horny, claws; and spurs, consisting of a horny sheath over a cone 
of bone, occur on the shanks of some game*birds and on the wings in 
a few other forms, in both cases being used as weapons. Feathers, 
like claws and spurs, are products of the epidermis. A typical feather 
consists of a horny, cylindrical tube, the quill, the continuation of which 
is filled with pith and is grooved, and is called the shaft. The shafts 
bear the webs which form the lateral expansion of the feather. From 
their non conducting nature the feathers serve to maintain the high 
temperature of the body. 

In a skeleton of a bird the following points should be noticed as 
compared with the skeleton of a reptile the large relative size 

of the brain^ase in the skull which is set on the neck at an angle; (2) 
great size and width of the sternum which bears ribs on its sides only; 
(3) modification of hand in which the first three fingers only are 
present. In the case of flying birds the skeleton shows (i) the 
presence of a great keel in- the sternum, serving as an attachment for 
the powerful muscles which move the wing and furnish the "breast"; 
(z) the fusion of the last few vertebra of the tail into a vertically com¬ 
pressed plate; (3) the fusion of the collar-bones to form the " merry¬ 
thought " {fureula) ; (4) the absence of teeth in the beak; and (5) the 
hardness and lightness of a bird's bones. 

The digestive system in birds con^sts of the beak, tongue, gullet, 
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stomach, intestine, and cloaca. Thercr are no teeth, and the In ik is 
employed for holding or tearing the prey, climbing, or as an organ of 
touch, etc. The tongue is hard and horny and is rarely an organ of taste 
(except in parrots where it is soft) ; it is cliiffly used as an organ .,f 
prehension Salivary glands are present, bat they are of small si/e 
and simp.e structure. 1 he gullet is usually very lone. In the flesh- 
eating and grain-eating birds the gullet is dilated into a pouch which 
IS called the crop, and is so situated on the lower part of the neck, just 
in front of the merry-thought. The food is detained in it for a longer 
or shorter period before it is submitted to the action of the proper di¬ 
gestive organs. The gullet opens into the stomach, which opens into a 
muscu ar cavity, called the gizzard, and this opens into the small intes- 
ine. J he walls of the gizzard may be thin or muscular in the case of 
birds whose hard food requires crushing; the food in the latter case being 
supp le in snaall amounts from the crop, just like grain to the crushing 
atones of a mill. The grinding action of the gizzard is further assisted 

gravel which, as is well known, so many birds 
111 pebbles take the place of teeth and are necessary to 

.k' "j. •prey and many insectivorous bird., incladine 

“.T ‘ba ">outh the nndige.- 

«ifer,hT , " P*""' “y '■“‘"'rereg ‘bare 

Sil^ml^d Tk ”"•>> ‘he insectivorous birds cm be 

in .hail The J '"I”*'”' '*•'”'** ‘re™ ‘be giiiard to the cloaca and 
the CIOUM. generative and urinary organs open into 

for fbri? “<• “‘iy' i" birds, and this account. 

to tU Inngf of !» addition 

vnrinns nS.«f ,k' iIm "bich are Kattered through 

Theae a^lei »r,k*^^ *■? 1 ° "“"y 'b'if bones. 

bird, which do nnt fl "n birds and are absent in the bones of 

The lungs are two in number, 

manmaln i. not 'b<»® 

attached to the dorsal waU *’’* *”* "* 

Ifcetwo sida are eAmni..* i ** *** consists of four clumbers, and 

P^ctcly separated from ope another. As regards 
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the structure of the heart and the great vessels and the course of the 
blood, birds agree with mammals. The heart of birds differs from 
reptiles in consisting of two sides, each composed of an auricle and 
ventricle, the right side being wholly concerned with sending the 
venous blood to the lungs and the left side with sending the arterial 
blood to the body. In all reptiles, on the other hand, the two 
circulations, namely, that through the lungs and that through the body, 
communicate with one another either in the heart itself or close 
by; so that both lungs and body are supplied with a mixture of 
venous and arterial blood. The urinary organs of birds consist of 
two elo.igated kidneys, which open by means of their ducts into the 

cloaca into which the termination of the intestine and the ducts of the 
reproductive organs also open. As a general rule, the female bird is 
provided only with a single ovary—that on the left side—and all birds 
without exception are oviparous, r’.^., lay eggs. The egg is always 
enclosed in a calcareous shell and is mostly developed, after being laid, 
by the process of incubation or “brooding,” a process for which birds 
are specially adapted in consequence of their high temperature. The 
young bird, when ready, perforates the shell by means of a temporary 
calcareous excresence developed upon the point of the upper 
mandible of the bill. In some birds, mostly those which live upon the 
ground, the young are “ active, ” the young being able to run about and 
look for food as soon as they emerge from the egg, as seen in the 
fowl and duck. In most birds, however, the young are helpless and 
require to be fed by their parents for a longer or shorter time, as in 
the case of the pigeon, cormorant, the common song-birds, etc. In 
this case the birds often build elaborate nests to bring up their young 
in. A rare case is that in which the young are produced as independ¬ 
ent and full-fledged young birds at once. 

As regards their nervous system, the brain of birds is larger in pro¬ 
portion than that of reptiles, but it has not the folds and convolutions 
of the brain of the mammals. The organs of sense, with the exception 
of touch and taste, are well developed, sight being generally acute. 
The eyes in birds are generally well developed and are always present. 
Eye-lashes are usually absent, but in addition to ordinary upper and 
lower eye-lids, birds possess a third transparent eye-lid which can be 
drawn across the eye. Except in owls, there is no external ear. 
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Flight is performed by all birds by repeated strokes of the H’ing, and 
some, such as ducks, only progress in this way, while others indulge in 
longer or shorter intervals of sailing or soaring and this power of 
floating flight is sometimes greatly developed, enabling the bird to reach 
great heights, as may be seen in the ordinary Indian Vulture. 

A few words are necessary on the subject of the migrations of 
birds. In temperate and cold climates, only certain birds remain 
constantly in the same region in which they were originally hatched. 
Those which do so are called Resident Birds, examples being the 
common Indian Crows and Mynas. Woodpeckers are also residents, 
although it is probable that some, e.g„ the Himalayan species, may 
shift their quarters at different seasons. Other birds, such as the 

Indian Pitta, migrate from place to place, their movements depending 

on the scarcity or abundance of food in any particular locality. These 
are called partial migrants. Many of the water-birds move about when 
marshes and tanks dry up or are filled in the monsoon. Other birds, 
however, at certain seasons of the year, undertake long journeys, usually 
uniting for this purpose into flocks. These birds are called Migratory 
Birds, and some Indian swallows, quail, snipe, etc., are examples of 
such birds; there are species of each of these, however, who are 
residents. The movements of migratory birds depend apparently 
chiefly on the .nvailable food-supply, this being the primary cause of 
the journeys they undertake. 

Insectivorous birds are of some importance to the forester, and it 
will often be found useful to encourage them in nurseries and plantations 
by setting up artificially prepared nests, such as small boxes on poles, 
or upright hollow bamboos with holes cut in them just above the 
nodes, etc. Fruit-eating birds are also useful since they take into 
their intestines considerable numbers of the seeds of the fruits on which 
they feed, and these seeds being undigested are passed out with other 
refuse. The seed of forest trees may be widely scattered in this 
manner. A good example of this action of birds can be seen in the 
Changa Manga Plantation where the rosy pastor, which assembles in 
enormous flocks to feed on the fruits of the nniulberry trees in the 
plantation, has distributed the seed and consequently planted up con¬ 
siderable areas in this manner. On the other hand this bird is a 
serious pest in fields of grain. 
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Certain species of birds have been domesticated for ages by man 

The birds more especially characteristic of the Indian or OrienUl 
region are the Pea-fowl, Jungle-fowl, Babblers, Hombills and Sun- 
birds, whdsi the Broadbills are confined to the Indian reg^ a“l 


Sub-class.—CarinaTc®. 

The Sub-class Carinatae is the only order which will be considered 
here as it includes all Indian birds. The birds in this sub-class vary 
imnnensely in external structure and habits; all flying birds are included 
ere. The keel of the sternum is well developed and the quadrate 
articulates with the skull by two heads. The males are generally larger 
than the females. For our purpose it will be sufficient to consider the 

o owing orders of birds without going further into the very difficult 
question of the classification of the sub-class. 


Order i,—Passares. 

This is by far the largest group of birds containing more than 5,000 
species; they are usually of small size, the crows being the largest 
forms. The birds agree in having helpless young, naked or nearly so, 
and a very characteristic foot, with three toes before and one 
e md, the latter with its claw being usually larger than any of the 

front ones {cf. fig. 338). The whole limb is either coarsely scaled or has 
the shank covered in front by a single plate. The rest of the body and 
especially the beak, exhibits great variation in form. The habits of“e 
Passerine birds vary greatly, some being insectivorous, and some 
vegetarian, but the majority are mixed feeders; some, like the Shrikes, 
are predaceous and attack small Vertebrates. Most frequent trees 
and bushes, but Larks live on the ground like Gamc-hirds. and 
SwalLms on the wing-like Swifts; the IVa^-tai/s paddle at the 
water’s edge, and the Dippers axe aquatic, diving under water to obtain 
their food. The nest similarly varies in position and construction, 
being on trees or bushes, in holes or on the ground ; it is generally 
well made; and amongst the Passerines the best examples of bird 
architecture are to be found, such as the nests of the and 
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weaver-birds, etc. .. ~ -- 

be plain, or even pure white* 'i^'raon ®‘' 'Potted, but may 

tree-pie. bulbula(r,g. 340), drongief (Wni- “owT''iri'**' 

which Pastor .Lus (fi. ,1. r ^ of 

group. I his latter birdVptti;; ‘“^is 

Manga Plantation in April when the 77 Changa 

feeds upon them. The king-crows (O " ^re ripening and 

babblers (fig ^ (Oranga), wag-tails, tits, thrushes 

tailor-birdy are insectivorous as also th 7i' 'delude the 

on inaect. but eeea.ionaV:: 

.^e Bt'yarrm^ref b”dtn'Sa^^ril 

flask-shaped nests of grass. These are st^n 
suspended from a branch of a tree. A oecu^ 7 

these nests as M r. Perrde I F S hac ^ j 'uterest attaches to 

of considerable dan«cr in the fire s#* * source 

a hre .bay enteb right a. .ra\t;r?a: 

auspandad quickly burn through, and tha nart tL„ ^ "•''■ob lhay ara 

into areas which would be othLwise safe^-o fi*"® ^'nes 

mended that in such localities all weaver h* T recom- 

from trees on fire lines and closely adjacenl'to" uch. 

Order 2.—Pici. 

The woodpeckers are the chief * 

They ara bird, of medium Aa ^ *'”“?• 

bill, stiff wing, tail, and short legs with toe '’"“'■'■PPod 

or fourth toe baiug turned bLkwards iritVIh”*^ 1" 

brown%i.^in m,:;” ,ts green or 

ate. The eggs are whit. th. . !!• “ ®" ‘k' head 

P«*«. to wood, mid the ’yotiurme '>> «>» 
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birds and seldom perch, running on the stems and branches up which 
they climb by a series of hops, pressing their hard tails against the 
bark They feed on wood- boring insects and are thus of great UM 
the forester. The holes they make in trees can be seen in coni¬ 
ferous trees in the Jaunsar-Himalayan forests, a species boring hori 

zontal series of holes all up the stems of the tree. 


zontal series ot noies an up 

BrachfpUrrtu! nraxUus, the golden-backed woodpecker («g. 

046) is common in 

most familiar of the woodpeckers, being often found in " 8 ’ 

hood of villaeeson the outskirts of forests, it feeds upon the grubs and 
ouoae of the sal pest Hoploc’eramhyx spimcorms in Eastern Bengal 
«nd Assam Tkaiavanensis is the species which feeds upon the cater- 
pdlafs and’pup* of the bee hole-borer of teak {Duomitus ceramtcus). 

Order 3.—Zygodactyli. 

The first and fourth toes are directed backwards, but the tongue is 
oltory structure and not P". ^ sternum rs much 

broader in proportion to its length than rn the P,c,. 

The Barbels, including the common green barbel {ntrnaiyx 

Fi^ MS shows thl head of the crimson breasted barbel or copper- 
srnith {^Xantholsema hsematocephala). 

Order 4,—Anisodactyli. 

Perching birds, of which Coracias indica (fig. 349 ) « J^e com- 
? .nfcies with short legs, and toes placed three before and 

the anterior toes being usually more or less united m a 

nn skin • the bill is always rather large, sometiines very 

andthenestis^mad animal food, the prey being 

of cases. Most o perch, but some eat fruit and 

capture y ^ jhe rollers and bee-eaters (fly-catc^rs), 

others search for their u>o bee-eatcr, feed on 

Merops vi rides g ^ perches ; the Hoopoes feed 

insects, swooping dow a beak, 

on the ground on insects jl^ch they J 
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India in the cold weather. The king-fishers are brilliantly plumaffed 

ir s, or the most part living on rivers and streams, and feeding on 
fish ; one of the commonest of Indian kirjg-fishers. however, Halcyon 
smyrnensis, lives as a rule away from water and feeds upon insects 
^elargcpsis gurialh a brown-headed king-fisher common on streams 
jnd rivers in weli-wooded countries. The hornbills feed on fruits and 
such small animals as they can capture, and rarely descend to the 

5°iVher hornbill before sitting upon her eggs walls herself 

wlneh the „,ale feeds her-tnVfe fig. 350. There are sLral species 

tion is aermmon° "''I'ol' iicornis, shown in the illustra- 

ljun, is a common one in the country. 

Order 5.—Macrochires. 

comprises the swifts, humming-birds, and iiight-jars 
in f powerful wings and small weak feet, with three toes 

"o'"® ">0'' or leL Uer! 

the air 'oot '"rt seek their insect food in 

beine vero ' I"'* '* lf'”'r»'iy very wide, the bill itself 

vouno ar.^ humining-birds where it is long. The 

Ltt ^ j i ‘.'“1"'*' '’‘O'Ptnighl-jars where they are covered with 

are 'moMled ‘‘ind’ l^d "'el"-)''*’ they 

nest being Lde^ Ft “e'ef b t‘ V’T » 

nigiil-iar*Ca</-.»,n//r«,^* **'' oommon Indian 

th« at only aWe^^ f””* P'r'l'."pon the ground, t 

«»^ed to ALrica. ' '■nmniing-birds are 

4 

Order 6.—Coccyges. 

in pairs, thi fourth *'*fi of arboreal habits; the toes are 

sexes are usually alike 'rh/® ^ u"® The 

and they are of world-wTde h 

temperate regions includint‘^h 

gions, including the Himalayas, they are migratory. 

. m ^ 
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They have a curved bill of medium length and a more or less wedge- 
shaped tail. Some cuckoos are parasitic, laying their eggs in the 
nests of other birds; when this has taken plaL the youtg cuckoo 
dS soon as hatched, ejects its bed-fellows by getting under them’ 
and shouldering them out. The common Indian Koel {Endynamh 
honorata, fig. 354) lays its eggs in the nests of crows which conse¬ 
quently hate It. The Bush Cuckoos, of which the common Crow- 
pheasant {Centropus sinensis) is an example, build a rough nest and 
rear their own young. The eggs of cuckoos vary in colour, and their 
young are naked, or nearly so. A few species feed on various verte¬ 
brates, such as snakes, toads, etc., but the majority are insect-feeders. 
The common cuckoo devours hairy caterpillars with impunity, these 
latter^being ordinarily left alone by other birds j these it eats in such 
quantities that its stomach becomes lined with an interior coat of 
fur. The Koel eats fruit only. The Hawk-Cuckoo {Hierococcyx 
varius), so-called from its mimicking the Shikra-Hawk, is the well- 
known Brain-fever bird. ‘ It lays its eggs in the nest of various 
babblers. Fig. 353 depicts the head of this bird. 


Order 7.—Psittaci. 

A large and distinct group, containing the easily recognised 
parrots. The bill is very short and strongly hooked. The toes are 
in pairs, the outer being turned backwards, and they, as well as the 
shanks, are covered with granular scales. The tongue is fleshy. 
Parrots are vegetable feeders, living on grain,-fruits, roots, and honey, 

in holes in trees, etc., generally 
excavated by themselves, no nest being made. The eggs are always 

white, and the young are helpless and* usually naked. *rhe plumage 

is remarkable for its brilliancy, green being the commonest hue, and 

of great protective value, considering the arboreal habits of the group ; 

for parrots chiefly live in trees, where they clamber about from branch 

to branch, laying hold with • their bill as well as with their feet. 

Some forms feed on the ground. Their flight is powerful and more 

rapid than that of most land birds. They are usually found in -flocks. 

They use the foot as a hand in feeding, being most wasteful 

feedersj and are usually great pests to grain and fruit Crops. 





345 * Head of the Indian Kokl {Eudytmmn h < moraim ^ 

355. Hkad of the Rose-ringed Paroquet iPaltuomu 

356. Head op ( Athocci ^ drMJtSj^TBB Short Eared Owl 

357. Head of the Bearded Vulture {Gypaitus barbatui ) 
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Palaeornis torquatus, t\iQ tom paroauet 'Jce^ i. 

January and May It abends n. 4 white eggs between 

land, flying about in large flocks and co'TmittinJ cultivated 

of damage by pilfering grain and fruit. ® »mmense amount 

Order 8.—Strjges (Owls), 

The owls which compi-ise this aroun am u u-. 

They have a hooked bill and feet arf ’n, nocturnal, 

plumage is soft and full . J ^ ^ powerful talons. The 

~I«u ® .he et loolc 1" 

disk o( hrielly feathers, meeting olr the°”wilThicr°"^h"' “ 

concealed" the whnlA r>a.> • r ° ^ * which is thus partly 

with the outer toe turned backwards the h’ 5^/ P®«^ch 

sma«. Owls also generally JavTbrfstl.s „„ .k: "'‘"S 

and .he shank, are et.en Lvered with sma f Mjt"; 

have external ears, the onenintr i * " feathers. Owls 

of skin. The erect tufts of*featl!!? P'^ovided with a flap 

some species are not the ears, but meVely^^erv^to 

blance of the owl to the stumn nr I ‘"crease the reaem- 

during the day. Their food coLsts perched 

insects^ and occasionally fish Tho 44. niammals and large 

Whiht on the wine Th. „„ ’’ ">oir prey 

the egg being wW?;. K'lplos and do^n^ 

""“ntries owls have been looked unon 

of superstitious dread and aversion d«,j with a certain amount 
cries at night; but they are really imon^ It** unpleasant 

■ajuriou, insects, and in this way do ilalluM ’"d large 

A common owl met wiVL • ^ good. 

the Short^ared o“l‘^ag “g, f “rt*-'™ India is ,d„> 

® » •!.« seen when infh^sLL ,rl hea^n^lS: " 

•n.. Bird. rtTr (Bird, of Prey). 

Ikeir powerfi.1 ko^eThi|f°a'g\f .““'y .Balfngnisbed 

'“•* 'onnected „ the base by 0“^ ‘naa at 


They are usually of large 

o a 


or 
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at least moderate size, and never display brilliant colours. The sexes 
are similar, but the plumage of the adults differs from the first feathers 
of the young. The latter are helpless nestlings clothed with down 
and are attended carefully by both parents. The nest is built on the 
ground, on trees, or on rocks, and the eggs are either spotted with 
red or are plain white. The Birds of Prey are essentially carnivor¬ 
ous, and as a whole are exceedingly useful, either as scavengers or 
as destroyers of vermin and insects. They occasionally do harm by 
attacking game, poultry, and young domestic mammals. The group 
includes the Vultures, Eagles, Kites, Hawks, and Falcons. Gyps 
indicut is the common long billed vulture. Fig. 357 shows the head 
of Gypaetus barbatus, the bearded vulture of North Indian mountain 
ranges. Aquila vindhiana, the Indian tawny eagle (fig. 358), is a 
common species to be seen beating over woods and fields for small 
vertebrates or feeding upon a carcase. Milvus govinda (fig. 359) is 
the common pariah kite, one of the most useful scavengers in the 
country. There are numerous Indian harriers, hawks, and falcons; 
the head of Falco jugger is depicted in fig. 360. 

Order 10.—Columba (Pigeons and Doves). 

The pigeons comprising this group are easily recognised by their 
small heads provided with a weak bill, soft and fleshy at the base, 
rather long necks and heavy bodies clothed in hard, close powdery 
plutnage, most commonly grey, dun, or green in colour. The l^s are 
rather short, and the hind-toe well developed; there is no web 
between the front toes ; the wings are powerful and the flight strong. 
The sexes are similar, and the young resemble the adults when 
fledged. The eggs never exceed two* in number and are white. 
They are usually deposited in a rough open nest of sticks placed in 
a tree. The young are helpless and naked and are fed by both 
parents. Both sexes incubate and relieve each other at regular 
intervals. They are vegetarian feeders and are often very destructive 
to crops when they feed on seeds and grain ; but many species live 
on fruit and these hardly ever leave the trees. Pigeons are more or 
less gregarious. The g^oup includes the ordinary pigeons which feed 
on the pound and roost in trees, the big imperial pigeon and green 
pigeon and the doves and all form good food for roan. 



PLATE XCIV 
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OF A^$U vimiAiama , THE Imoian Tawny Eagle, i 

or THE CoMicoM Pajuau Kite iMiiwgopmday 
Head or the JLaggae Ealcom a 
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361. Thf Spotted Dove ^Turiur suratensts), 

363. The Bronze-winged Dove Chaicophapi indica)^ 

363. Head of the Common Sand-Groube {Pterocluruf txustus)^ f 
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Chalcopkaps tndtca. (fig. 362 ) is the beautiful bronze winged dove 
found only in forests and damp thickly wooded parts of the wuntry. 

feeding upon berries and seeds. Columba inteymedia is the pLon 
build^-r common in many parts of the country^ It 

b h/ oLratlTr '"."““'I”' - »" gam«.bird i.„d 

common spotted dove of the country. v g 3 ; is the 

Order ir. Gallin<i? (Game-birds). 

the ®®sily known bv 

their small heads, with short, curved beak, heavy bodies sh^rf ^ ^ 

Zhont f ="'<1 on^’ Zhtd 

«akd In f! ‘1' "hole too. c^^aell' 

their fliohl i« h”* *!•' “'""'''“'““a. though parlially vegetarian • 

leaves for their food. They afe ex^nHo ® amongst earth and 

is very rS and .1? ^ pugnacious; the nest 

ey rough, and the numerous eecs either nlaJr. - 

downy young run at once on hatching out from the sotted ; the 

are found all over the world where land-birds exist 

are found in India. ^“m^'^ous species 

Grouse, with feathered le<ys and tnp« a-.. - 
PheaMn.s, Junglc-fowl, ParWdges Quail Pea-fowl, 

tho hind-toe small and raised afve the livel of Jhe''ofte I* 

sexes are often dissimilar, and when thi. 1. .a ^ 

usually polygamous. In such forms and in soZTther! tT““ “ 
spurs on the shanks, and ther« are used for fighW 

““tZ c‘®' ‘‘“pinZto o^'n c!,"n'trV.'''' 

living r„ sZu'MrtfeT'Zd' “ a foreat-loving bird 

-ning and “fn ^Unrit^her^ •" 

p ;:^ae». are ekiefiy eonSncd to .th^ ZunU,-„.r suTt auH^ 

|io.ilim,i,m,.'^b^I!II^*J'?”'”®'®a«ltheQrm„,|B Gdll.n. Thatruia.ll. 

tween Mumhm end Oallinm a ..parat; 
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species as the Argus, Polyplectroii, the Cheer pheasant (Catreus 

fig. 364), Koklas, the Kalig pheasants (fig, 365), etc., being 

weU known. Gallus ferrugineus is the red jungle-fowl of India, a 

grey species, G. sonneyait, being found in the western and southern 

parts of the country. Coturnix or quails are also plentiful, as are the 

partridges {^Fyancoltnus')^ such as the Chukor, Sessce, black, painted, 
and grey (fig, 366), etc. 

The Mcgapodes, which belong to a sub-order, resemble small 
turkeys in appearance, and their breeding arrangements are curious, 
as they lay their eggs and bury them in a mound of rubbish and leave 
them to hatch out in a similar manner to reptiles. The young emerge 
^^full-fledged birds, able to run and fly almost immediately. Most 
of these Megapodes inhabit Australia, one species, however, being an 
inhabitant of the Nicobars. 

Order 12.—GralL/^ (Rails, Cranes, Bustards). 

This order resembles in some respects the Anisodactyli. The 
' legs arc long and part of the tibia is bare, the hind-toe when present 
being bare, The young in most (except in Heliornis) are hatched 
covered with down and arc able to run almost immediately. They 
all lay double-spotted eggs, i.e,, one set of spots dark and distinct and 
the other purplish or grey and indistinct. 

The rails, corn-crakes, and coots have numerous representatives in 
India. They are marsh birds in general living amongst reeds or grass. 
The food is chiefly vegetable. Rallus tndietts (fig. 367) is the 
common Indian water-rail. Grtis communis is the common crane 
found in the northern half of India in the cold weather, Anthropoides 
virgo is tlie well-known demoiselle crane (fig. 368). The bustards 
and floricans also belong to this order. 

Order 13 — LimiCOL/e (Plovers, Snipe, Curlew, etc.). 

The bill varies greatly, but is usually slender, and the nostril is 
situated in a groove or depression on one side. The tibia is generally 
naked for some distance above the tibio-tarsal joint. The wings 
are as a rule long, the birds being strong fliers. Many are migratory. 
Plovers are common in India. Cursdrius coromandelicus (fig. 369) 
is the brownish black bird seen running quickly about in small 
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365. 
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367 . 


h!^® Pheasant iCatrtm waUiehi) 4. 
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parties on- open sandy or stony ground. Curlews, of which there 
are two.'Indian species, are birds with long curved bills frequenting the 
sea-shore or tidal estuaries. Sand-pipers, godwits, wood-cock, and 
snipe (fig. 370) belong to this family. 

Note.—The gulls and terns, belonging to the Order Gavia, will not be con¬ 
sidered here. They are water and marsh birds. 

Order i 4 -’~Steganopodes (Pelicans, Cormorants, etc.). 

Large birds or of medium size which are at once distinguishable 
by having ail the four toes webbed together, though the first is 
directed backwards or sideways ami is of use in perching in the 
ordinary way. The legs are always short, but the general form and 
that of the bill varies considerably ; the latter has tl>e nostrils almost 
obliterated in the adult. These birds live by fishing, pursuing their 
prey, however, in different ways ; they usually build nests for the 
reception of their young, which are helpless nestlings, naked at first, but 
acquiring down before their regular feathers. The eggs are few and 
usually unspotted and covered with a peculiar chalky coating. The 
sexes are similar, but the young in first plumage are very different. 

and perch on trees more than other water-fowl, the 
large hind-toe enabling them to gresp the brai:ches. The Indian 
members of the group mostly build in trees. On account of the great 
destruction of fish effected by these birds they are somewhat injurious, 
although the young are used as food in many countries. The Pelicans 
are large birds w ith a pouch on the under-side of the lower beak. 
They are found on marshe«, backwaters, or on the sea, and feed 
entirely on fish. T he cormorants and snake-birds are the most familiar ' 
birds of this group and feed by diving, swimming very low in the water. 

Fig- 37* shows the head of Phalacrocorax javanicus, the -little 
cormorant which is common throughout India. 

Notc-^The Petrels (Order will not be considered here. 


Order 15.—Herodiones (Ibises, Spoonbills, Storks, Herons, and 

Bitterns)- 

This comprises a number of usually large wading birds resembling 
^ranes and Limicolse in having long le^ with usually more or less 
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of the tibia bare above the back, of slight build with powerful beaks 
and well-developed hind-toes. They perch a great deal and usually 
build in communities in trees, the eggs being few and usually spotless 
and the young helpless though downy, and are fed by the parents. 
The sexes in adults resemble one another, though they may have a 
special breeding plumage, but the young, when first fledged, arc 
very different from the parents. Birds of this group are found all 
over the uorld, though they are more numerous in hot climates; 
they are carnivorous, especially devouring fish and are themselves 
seldom used as food. They are far less active on their feet than other 
waders, though excellent fliers. The Ibises, with more or less bald 
heads, build nests in trees and '.ay plain blue or spotted eggs. The 
Herons, Bitterns, and Egrets are birds varying in size from that of a 
crane to that of a myna, but all display a general similarity of build 
and habits. These birds perch freely, walk but little, often watching 
for their prey for a long time together, and draw their necks in when 
flying. They are dangerous to handle when wounded, as they aim 
at the eye of the aggressor when darting out the beak to attack, A 
distinct and-handsome breeding adornment of ornamental plumes is 
often developed, and the white filmy ones of the egrets are much 
valued, being known as “ Osprey.” Most of the Indian Herons are 
resident in the country, and one of them, the paddy-bird, is the 
commonest bird in the country. The eggs of herons are sea-green or 
white, without spots, and the nest is usually placed in trees or rushes. 
Ardeacinerea is tiie common heron, shown with young in fig. 372 * 
Bubttlcus coromandus, the cattle egret, commonly known as the 

‘ paddy-bird ’ (fig. 373), is a constant attendant on cattle and feeds 
mainly on insects attracted by cattle, and on grasshoppers. 

Note.-The common flamingo to be found in salt marshes in Sind, Rajpulana, 
belongs to the Order Phanicopteri. 


Order 16.— AnSERES (Ducks, Geese, and Swans). 

The three anterior toes are united by webs extending to the emfa 
>f the digits; the hind-toe is always present, but is s^ Mjj 
irticulated to the tarsus higher up than the other to«. « 
s more or less depressed and flattened. The ton^» ^ .ff 
leshy. All the species are mono|pmou8, and the majOTi 
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grass and rushes oo the ground; the eggs are numerous, white, 
buff cream, or pale green in colour. The young are hatched covered 
with down and are able to run or swim at once. The swans and 

374'I'”"* -4-'- Mtcu,. iKe Barred- 
Grlb^ ’’ contains (he 




Chapter XIV. 


( 2 ) 


Class V. Mammalia (Manmials). 

The Mammalia include all the ordinat-*/ j j 

nourtre^f™ a " ”'‘^1 )ouog are 

the milk—secreted by special elands called th ^ fluid— 

1 hese two peculiarities are of themselves sufficient to senarX T' 

manuals fro„ all other classes of the vertebrates. laldSn rte 
owing points should be carefully noted :_ 

(.) The skull is united with the spinal column by means of two 

R- f*^i* '"S swfaces or condyles instead of one as in the 
Reptiles and Birds. 

The lower jaw consists of two halves, each composed of a 

sing e piece, and united in front. The lower jaw also 

quadrate bone. ^ ^ 

The heart consists—as in birds-of four distinct chambers 

XeTeart The right and left sides 

of the heart are completely separated from one another 

andt^hereis never any direct communication between 

the blood sent to the lungs and that sent to the body 
rhe red corpuscles of the blood are, generally, in the 
formof circular discs, and they n'ever contain a nucleus 
The cavit.es of the chest (thorax) and abdomen are 
^parated from one another by a muscular partition 

ich IS called the diaphragm and is the chief agent 

m respiration. ^ 

® and never communicating with air receo- 
acles situated in different parts of the body. In no 

We have alre T present.^ 

Introduction and wherres^^? skeleton of a mammal in the 

escribing vertebrates generally. It should 


( 3 ) 


(4) 
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be borne in mind that the spinal column is divisible with few .excep¬ 
tions into the same regions as that of man, The divisions are~ 

(1) The neck in which the number of vertebrae are nearly 

always seven in spite of the great difference observable 

in the length of the neck, in the giraffe and whale* 

(2) The back or dorsal region in which the vertebrae are 

usually thirteen in number and may be more. 

(3) The loins or lumbar region having usually six or seven 

vertebrae and rarely less than four. 

(4) The sacral region in which the vertebrae are usually 

amalgamated to form a single bone. 

(5) The tail or caudal region in which the vertebrae vary from 

four to forty-five and are usually freely movable upon 

one another. 

It should be noted further that the thoracic cavity is always 
enclosed with ribs, the number of which varies with the number of 
dorsal vertebrae. 

The fore-limbs are never wanting, but the hind-limbs are absent 
in some mammalsi as, for example, in the Cetaceans and Sirenians» 

Teeth are present in the majority of the animals, but are absent in 
Echidna, some whales, etc., and they are horny in the Duck-moles. 
In most other mammals (Echidna have no enamel) the teeth have 
their ordinary structure of dentine, enamel, and cement, these elements 
being variously disposed, the enamel being occasionally absent. 
The teeth are planted in distinct sockets. Many mammals have only 
a single set of teeth throughout life. In most cases, however the first 
set of teeth, the milk or deciduous teeth, is replaced in the course 
of growth by a second set of permanent teeth. No mammal has 
ever more than these two sets. Two parts may be distinguished in a 
tooth, the crown and the root. The root is the lower, usually 
narrower, part and is often split into several branches; it is destitute 
of enamel, but is covered with cement* The upper part is the crown 
snd is enamelled, and is usually clearly demarcated from the root 
by a constriction. The teeth are divide^ into incisors, canines, 
premolars, and molars; the incisors are usually preceded by the 
milk-teeth in a young mammal and are those which are implanted 
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in the premaxillary bones and in the corresponding part of the 

lower jaw. The tootli m the maxillary bone, which is situated 

at or near to the suture with the premaxillary, is the “canine," 

as IS also that tooth in the lower jaw which, in opposing it, pas.<5es 

in front of its crown when the mouth is closed ; the teeth behind the 

canines are the premolars and molars. All these different kinds of 

teeth are not necessarily present, and as the teeth are important in 

separating the main orders of mammals from one another, their num- 

bens expressed by a denial formula | e.g., the dental formula of a 
ruminant animal such as a sheep would be*— 


. ^ 
z. - 

3 




3’ 




u 


-o O 

—; pm. 

3 




3 


tn. 


3 


3 

3 


32 


*■» pfn., and m. represent the incisors, canines, premolars and 

molars. The explanation is that the sheep has 3a teeth^ as Wlows •!! 

the short dashes between the figures indicate the teeth on two sides 

O e mouth, the upper line of figures represents the upper jaw - the 

lower bne, the lower jaw. From the formula we see that the up™' 

incisors and canines are wanting, and there are three premolars and 

three nmlars on each side of the upper jaw. In the iLer jaw therf 

are SIX incisors, two canines, and the same number of premolars and 
molars as in the upper jaw. ^ 

In the Introduction we have already considered the digestive 
nervous, etc., systems of a mammal. 


Classification of Mammals. 

It will be sufficient for our purpose here to divide the Mammalia, 
in accordance with the way the young are developed, into the 
O^parous Mammals, in which the young are not born alive but 
^dn^d as eggs, and the Viviporous Mammals in which the young 

placentarmtlLmL! ® divided into non-placental and 

X.-^Oviparous Mammals, 

whirt^ to connect certain extinct repUles, 

Mammalia Tlie *'* ^ resembling those of mammals, with 

Mammdia. Tlie young .re aot bom aliye a. is usmtl in mammt* 
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but are laid as eggs. Nevertheless, the animals are genuine mammals 
as they are provided with hair and mammary glands; the nature of 
their blood and the structure of their lower jaw also include them in 
the class. On the other hand, they resemble amphibia, reptiles, and 
birds, in that the intestine terminates in a cloaca, and in the impor> 
tant point that they produce their young in the form of eggs which 
have a leathery shell. 

Order i.—Montremata. 

This order is important for our purpose. It contains the queer 
otter-like animals known as Ornithorhynchus (Duck-moles) and the 
Echidna on spiny Ant-eaters, both inhabitants of Australia. 

•m 

W.—Viviparous Mammals. 

In the viviparous mammals the egg-shell is always absent, and the 
ovum is of small size. The young are born alive. 

(a) Non-placental Mammals .—In these, although the young are 
born alive, they are in such an imperfect state that the female is provided 
with an abdominal pouch or marsupium in which the teats are situated 
and in which the young are taken about in safety. This arrangement 
also enables the mother to fix the young on to the teats, they being 
quite unable to suck without this aid, and they remain unavoidably fixed 
in this position for some time. 

Order 2 .— MarSUPIALIA (Marsupials or Pouched Animals). 

The leading characteristic of this order is the absence of a true 
placenta (nutritious apparatus), and the embryo is born in a very 
immature state as described above. The living animals comprised 
in this order are confined to Australia and America and are of little 
importance to the Indian forester. 

They consist of vegetable-eaters, such as the Kangaroo and 
carnivorous animals, as, the Bandicoots and American Opossums. 

In the Kangaroos (Macropodidae) the hind-legs are far longer 
and stronger than the fore, and with them, assisted by a powerful tail, 
the animal can perform long jumps. The canine teeth are small or 
absent, and there is only one incisor on either side of the lower jaw. 
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A ! grinding crowns. The Phalangers, or so- 

called Australian Opossum » are vegetable-eaters and live in trees. 

he Bandicoots and true Opossums, the latter living in America 

each side of the lower jaw. The canines are lalU^'ihr the 
I’dmah' (Perameles) are little rabbit-like Australian 

alltf^mln, 1 . \ The Opossums are 

of small size with prehensile tails, and they mostly live <in trees 
They are confined to America. ^ 

( 3 ) Placental Mammals.~~The young are brought forth alive 
ey are nourished for a time within the body of the mother h 

nulrfe^nt^^ ^ structure, called the ‘-'placenta," through which the 

born theTounn te c Thus, when 

exertionQ All fu u* L . =*“^'^*"0 ineir milk by their own 

ertions. All the higher animals are included here. 

Order 3.—Edentata. 

ontirely wantin. rhen X. .r . ‘ f “<•« 

South AmeriM^ Tr*™™”'* They chiefly live in 

-trhft 

America, inhabitin-y the v exclusively confined to South 

They s^end thclr five, " ^ w 

trepiely long, curved daws The Armadm ^ provided with cx- 
South America. Thev a^ k are also confined to 

digging-claws and wdlXeiooT'”®^^ «‘~”g 

of the body is covered with I collar-bones. The upper surface 

or shields, united at their edges ^Th*** plates 

head and shoulders in two sen? I present on the 

oers in two separate portions, and the animals are oftea 
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able to roll thrmsclvrs in a ball like 
the whole of the exterior surface consisltn 
The scaly Ant-eaters or Pangolins 
Asia and Africa. In them the bolv and 


a hrdgrhog wh«« atUcM, 
g then o' ih< ^caly araww. 
arn rir)uii«ely roeWd ta 
(- iv'rnd wi'h ififtlt 


armour, composrd of long plate* or kaIc*. otrrrUpping like tkt 
tiles of a roof They are burrowert and live eotirel* M txl 
termites, the tong extensile tongue being used for the captare of Iko 
insects. They roll themsebes itito a t<all for defence smI emkAif Ml 
enormous muscular power tli.it dehrv any ordirtory cflort lo oMOl 
them. Owing to their scales they are often atluded to by oativoo it 
Banrohu (jungle carp). Fig. 375 tbont U*nii yarootrOt tko Mfllqr 
pangolin. 


Ordfr 4.—Sircnia. 

This order comprises only certain Urge marine mamnufs, koova 
as Dugongs and Manatees They agree with the next order, the 
Whales, in having the l«dy adapted for an aquatic life, especially m 
the facts that the anterior limbs are converted into tsriMMiOf paddVs 
the hind'limbs are wholly wanting, and the hindef end of tko body fonM 
a powerful caudal fin which is placed so aa to strike Ibo wMer hor»* 
xoiitally and not vertically a* m hshr*. They differ frott the Cotacea 
(Whales) in having the nostriU pUcetl at the anterior port of tko kood 
and in h.aving molar teeth with flat crown* adopted loo vofiliMi 
food. Fleshy lips are present, the upf>er osoaltj with a OMMtockr. ood 
the skin is covered with scanty bristico. Tboro io a diMioet oock* 
Dugongs live in the sea an«l feed 00 sea weed*. TWy aro to bo InMd 
off the coasts of the Indian Oce«i and tbc north ooool of AortnBit 
and often attain a length of ifl —jo feet Fif. tjfi *howo ll» HoiMt 
dugong, the common species d the lodiaa t'cean. MoMlOOOlrooi 
the mouths of rivers and e5tua''ie'i They art fowod oo the rartOMi 
of *\mcrica and on tl^ w e>t C'.iast of Afrii^iw 


Order 5 . — Cetacsa (WUaVs. etc 

This order comprises the VN Kales. Ftolph e* and Ficpo#*cs^ awd 0 
is characterised by the compkle adapuu>n of its meabert to a walery 
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life. The body is completely fish*like in form, the fore-limbs are con¬ 
verted into swimmings paddles, and tlie hind-limbs are completely want- 
ingf, whilst the hinder end of the body forms an extremely powerful 
horizontal caudal fin. There is sometimes a dorsal fin as well. The 
nostrils may be single or double, but are always placed on the top of 

Xk constituting the '* blow-hole.** Very few hairs are present. 
The head is large as compared to the body, and there is rarely a neck. 
The adult either has no teeth, or, if present, has only a single set, 
which are always conical in shape and are not divisible into distinct 
groups. AM true Cetacea are carnivorous, living upon animal food. 
The most important of the Cetacea are the whalebone whales {Balse- 
ntdae) in which the adult is destitute of teeth, the place being taken bv 

a series of transverse plates of whalebone which serve as a filter to 

* wt sea-water the minute molluscs and crustaceans on 

w ic these enormous animals live. Whalebone and the whale-oil of 
commerce are obtained from these whales. Though an inhabitant of 

obliged to come to the surface to breathe, 
and in doing so it ejects from the blow-hole what looks like a 

CO umn of water. 1 he apparent jet of water is simply due to the 
ondensation of the moisture which is contained in the expelled 
f j Whale, Physeter macrocephalus (fig. 379) is a 

a°sL^Jll k conical teeth in the lowej jaw and 

numerous conical teeth in both jaws, and the nostfils open IJl 

ZlVCd‘“I, P”!"**'* exclusivilv 

marine, and occur in all seas. Fig. 378 shows the large Indian 

antTnf^fk brevirostrts). The dolphins are mostly inhabit- 

a H 9 ® fresh- water forms in Southern America 

the common ^nink* e *.k gangetica (fig. 377), jg 

mon dolphin of the Ganges, Brahmaputra, and the Indus. 

Order 6.-~Ungulata (Hoofed Quadrupeds). 

fccofed quadrupeds, 

and a?aat num^t of eattoa >"<l horaea, 

imct animals. The Hyraces and elephants 
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are also included in the order. The order is characterised by having 
the portion of the toe which touches the ground encased in a greatly 
expanded nail or hoof. There are never more than four full*sized toes 
to each leg, and o.wing to the presence of hoofs, the limbs are useless 
for grasping and are only of use in locomotion and in supporting the 
weight of the body. There are always two sets of teeth, and the molars 
have broad crowns adapted for grinding vegetable substances. 

The whole order may be divided into the Ungulata Vera, contain¬ 
ing the Sub-orders PerissodACTYLA and Ar IIODACTVLA, and a 
heterogenous assemblage of animals called SubUNGULATA. 

Ungulata Vera. 

In the typical Ungulata the feet are never plantigrade, and the 
functional toes do not exceed four. 

Sub-order.—Artiodactyla. 

This sub-order differs from the Perissodactyla in having the pre- 
molar and molar teeth usually not alike, the former being single and 
the latter two-lobed, the last molar being almost invariably three- 
lobed. The two median digits (3rd and 4th) are equal in size. 

Sutna. 

Pattern of molar teeth not arranged in crescents. Upper incisors 
are present. The animals are not ruminant. 

¥.—Hippopotamidse (Hippopotamus). 

The Hippopoiamidaa or Hippopotamuses form a small group of 
massive thick-skinned Ungulates, with four-toed feet. The common 
Hippopotamus inhabits all the gr at rivers of Africa, living upon 
plants and swimming and diving with great facility. The molar teeth 
have flat crowns; the canines are very large, and the lower ones form 
enormous tusks, with a chisel-shaped edge and form the principal 
weapons by which the animal defends itself. 

Family .—Suidat (Pigs). 

The Suid» or pigs have usually four toes to each foot, though 
sometimes the hind feet have only three toes All the toes are hoofedi 
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the remaining 

Thlr-r“ “P^ble ot Vxtntv. 

tuberculated crowns s ort. The molar and premotar teeth have 

oercuiated crowns. The pigs are miscellaneous feeders Tb^ 

.mporlant and best known is the wild boar (.S’/., scrofu) from «,T I 
most of our domestic pigs are descended. 

1 he usefulness or otherwise of the pig to the a a • 

great measure on the elevation at which ft is living ThufirtlJco" 

derablere i „ t,rZcYfn“a “ ^ »' 

tnick, matty mass of needles and seedlings present Si these fnre.S i 
this exposes the « 3 on anA ^ ui r ^ ^ inese lorestsj and 

P i s cne sou and enables the seeds to e*erm5nafF» Tk, • t 

able coniferous forest^i fh#» * 4 . j i ^ Thus, in valu- 

line® etc i'« r. k ui harm it does by destroying young seed- 

does not exUl, pig, „„,t te lookj upon a, thren'Imv't fh 

e«d to the large amount of aids, ut j coLuild b 
are also particularly harmful to crops, ^ 

Tylopoda, 

America. The pr^ixhlV^haffhtTn!'* Llamas of South 

young, the outermost only bein<r persis"enTin th^ ‘®®^h when 

much contracted the femup^h • i hinder part of the body is 
the knee joint is low down. vertically placed so that 

The C • (Camels). 

w«ld « “te^ottfte New‘a7d “'•“"■“W «( the Old 

canines in both jaws, whilst the firaf * P**'’ 

, wniist the first premolar tooth in both jaws (or 
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.. ...V, „ conical in thape, and ti placed at 

distance in front of the other back teeth. The foot contiaU of oofr 
two toes, covered with imperfect nail-Iike hoof,, and destitute of the 
two supplementary toes. The of the fret arc romed •ith • 

callous, horny integument upon which the animal walks. U the 
camels the toes are conjoined below by a callous pad, aed the iMck 
IS furnished with one or two fleshy humps. The Arabian Caael or 
Dromedary has only one hump Camels live in dry situatiooe, 
they are specially adapted to this by poesessing a number of Urge 
cells in the paunch, in which a great (quantity of water cen be stored esL 
thus enabling the animal to travel for days without driRkiZ 
They are of considerable use as transport animals The 1 Rm 
no hump and separate tors, and takes the place of camels ie Sowlfc 

America, there being no camels in the New World 


Tttfit/iHS. 

No teeth in the premaxilia:; the upper canines are wr|l developed, 
especially in the males ; narrow and pointed hour compVtr foes on 

each foot. Ruminating, but the stomach with only three . om^ arfmert, 

instead of four as is also the .a$e in camels (vide No horss 

Dental formula ;— 


Family. — T (Chevrotians or Mouse Deer . 

The Tragulidji ox Cktt rotUms are small an maN w th v!ender 
limbs and high hind quarters, resembling Musk Deer, tut have *o 
horns, while the canine teeth are d^eloped in both jaws, and 

upper canines of the males are tusk-like They are found m Ind.a, 

inhabiting forests, the Indian ArchipeUgo. and Africa. Trtgmlmt 
mem'nma (fig. 3S0} is the Indian Chevrotiao or Momc Deer. 


Ptetrs. 

The tynicai Ruminants are dbtiegeished by several weli aarhod 
characters, of which the following are the ssost impwrUiM 

The animals are characterised by having a cljvea foot cawsstUtf 
of a symmetrical pair of toes encased io bools, and Inok^ m H 
produced by the cleavage of a single hoof 
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The toes used to walk on are the tliird and fniirfL k * *u 
and fifth toes may be nresenf in a A' a. r second 

fool. The, .re Lvi.!, , J '“<•■"'“ 10^7 form on the back of the 

walking. As regards dentition, typically there should he • ? 

canine teeth in the uDuer law h.,f * ♦u'l " no mcisor or 

incisors and two canines arl Jl limlir' 

constitute a continuous and uninterrupted^ Te 

placed in front of the lower jaw There 

fpremolars and molars) on each sideof each^aw a^nd th"" 

•ng surfaces, the enamel rid<res of which fe ^ ^ ^ S«->ntl- 

dental formula of a Ruminant therefore is-l"" typical 


i. 


O “O 

r^i 


pm^ 


3 

3 


‘I 

■3 


tn. ^- 3-32 


- - J—j 3—3 - 

In the absence of incisor teeth in the upper iaw the 1 
Me against a pad of hardened gum. The can^el. dV 
t>on from the above formula The st u - denti- 

complex and is divided into sever-1 >" the Ruminants is 

accordance with their mode of eatine- "ti this being in 

the cud, *’ i.e., they first swallow their'food unm^^Td^'^ ^ 

bring It up again after a longer or .hnrt .“"masticated, and then 

This IS effected as follows;_The gullet m order to chew it. 

first two compartments or stomachl of wE^the the 

and IS called the “ paunch " while fh ii . lies to the left 

" honey-comb bag " or reticulum The^™^ ^ the 

the food i.s first rfceived, and he’re I s -^ich 

for a time. After the food has lain suffie ° allowed to soak 

passes into the “ honey-comb bag '» fro^ iT'^ u • Paunch, It 

the .mouth by a reversed acUon of th received into 

“f“?r a seLd time Now^r^** ‘he food 

; many-plies» stomach iTns bv * ^ hook. The 

last stomach; the reed, whfoh is^a cE ‘he fourth and 

the true digestive fluid (gastric iuicer *ecretes 

re^ly digested. This fomtl, stomaLh t food is 

of the intestine. erminstes in the commencement 
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Family. —Cervidx (Deer). 

The Cervidsr include the true Deer and the Musk Deer, and are 
characterised by the fact that the forehead with a few exceptions 
carries two solid bony antlers which are not hollow, and are usually 
branched. With the exception of the Reindeer these appendages arc 
confined to the males and are deciduous, being as a rule produced 
annually before the rutting season and being shed and reproduced 
before the next season. In India, however, there are exception** tothis 
rule. They increase in size and, in typical stags, in tiie number of 
branches, or tines, every time they are reproduced, till in the old males 
they may attain an enormous size. New horns are at first clothed 
with a hairy skin (when they are said to be in velvet), which is 
subsequently rubbed off. The Hog-deer iCervus porcinus, fig. 382), 
Chital {Cervus axis, fig. 383), Barking Deer {Cervulus muntjac, 
fig. 386), Sambar (Cervus unicolor, fig. 384), Swamp Deer or 
Barasingha (Cervus duvauceli, fig. 385), are all inhabitants of India 
andall belong to this family. In the Barking Deer the canines are 
large and the horus are carried on long bony stalks covered with 
hair. The Musk Deer (Moschus moschi/erus, fig. 381) have enor- 
roously developed canines, but no incisors in the upper jaw and no 

horns. 

The members of this family injure forests by browsing on the tops 

of seedlings and coppice shoots, by 
Damage done by Deer. breaking down youog growth and bV 

wounding the bark of young trees by means of th'eir horns. This 
latter may be either to get rid of the " velvet of the new bora or 
by butting against the trees in the rutting season. S.imbar are 
particularly harmful in this respect, and in every forest in India, where 
these animals are to be found, damage attributable to them will be 
easily discernible. Mr. Clifford stated that Ficus elastica plantations 
suffered from deer in Assam, and the same is the fact in the Chittn* 
gong Hill Tracts. A very strong and high fence is reqotred to keep 
out these animals, and the method now adopted is to keep the plants 
in the nutsery until they have reached a safe height. The author has 
noticed that young Pinus hngifolia saplings in the inner Swaliks 
appear to be almost invariably barked by Sambar. 








PLATE Gill. 



Fig. 386. 




Fig. 387 




!<t»WliUne 



llvti. AND Horns of thb WD^irGAzAlRoTc^KARA CG^ffa 


VO hc€ p^ige ^ ^ 



«5 


A Manual op elementary porect zoology. 

(Giraffes). 

Ifcore fntfonJuZ'fs^iir Bolhle*^ 'h ““"T* 

ho™,, which are persistent and ctered td^h a'ha” ‘7 *” 

neck IS extremely long and the fore-leo-« «.i. * 

B a me lore-legs longer than the bind ones. 

FA MIL Y.—— 

The Cavicornia or HoIlow-hnrnAA d • 

Sheep, Goats, and Antelopes, and are comprise the Oxen, 

which may be present in one or both ^racterised by having horns 

sneath surrounding a central bony avis nr uu a horny 

arc pa,.i,ie„t y or h„™^^ The horn, 

one pair, though there iray be two Th ^ l' '® osonlly only 

dentition, and they inclodeV numL- ‘*''1 *''* romfoant 

highest utility ,0 man. "'■i'h are of the 

Indian Antelo^'or’Blan'’B^"‘'he Ga*"nspecies—the 

the Blue Bull or Nilg.1, .„d the ’f!!ir-^^'; a (*8- 3 » 7 >. 

chiefly African. They closely rea^bl« 7 r ^ Antelope, but they arc 

guished by the possession of hollow horns distin- 

The Sheep and Goats an. ni i / of solid antlers. 

domestic varietiesw^^AH th“‘^h‘° another, there 
Mountains. The Indian "o'l-y 

naral (Ovts nahura, fig. oq,i) UrJoi Ao • ^ fig.vgo) 

tI Sheep (ovl%% ««• 39 *) aid tte’ 

«0 o* “ w“th“it,‘'^"?‘ intportant animal the domes 

The true buffdoel a.^ «». ^ 

ag. .Mai anS’rtT'V' ■**“Africa. The’ 

iS’iLSS - V 
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in both jaws, and in ihc male® canines 
formula is~ 


present. I be denial 




3 


'3 ^ ^ 

~ (or none] ; fm. ; 

3 I 3_3 
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^ ' ' 3 — 3 3 —3 

All the dom~tlc varielie. of hor«. to b, dotc^ndod from 

tho ..ngle.p.c... E,UU. .aiallu,, which to have been primitivclv 

. oat..c o Central A.ia, in which country another apecie. of bir ^ 
has recently been discovered« ^ 

The genus Aeinu. includes the Asses, Zebras, and Quaggas I h. 
wild^ are natives of Asia and North-Eastern Africa The Zel^rs! 
ud 0<u«|[U «e eaclusively African and are distinguished bv the^r 
^auMully stn^d body. Utely another African animal of this famir 
known aa the Okapi, has been diicovered. 

Family.— Rkmoctrotido! (Rhinoceros). 

Three digits on each foot; one or two horns on the nose Tb 
Rhinocero^ are extremely large animals, having very thick An?!' , 

hairlcM skin, osnally hanging in thick folds. The feet are furnish*^^ 
with three toes each, all encased in hoofs (fig -106 b) Th 

furnished with one or two horns. I, two 

not paired, but one is placed behind the other the hinder ’ 
much the shortest. Th. Somat.an rhinoceros has a pair of ho”rn^*b"^ 

ar.lourul in India, Java, Sumatra, and Stedilo 

grass and th. folug. of tr..., Tli.y are toiu.timM fonfd in'ifLshv 

(^. ..rear.,, 6g. 397) i. now practically confined to the f„r.«. ot 

Nepal, Norlk-Baat Bengal, east of the Tista riw, and Aaaam. 


SUBUNCULATA. 

Bf far^ gvnter anasber of the SubanguleU art 
we flve faaetieaal digita aad may be plaat 



The 


Sub 


Hvbacoioba 


Tya 
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Th«y resemble in manj vrsys the Rhinoeerot, etpeciallj m the for* 
nf their molar teeth. The incisor teeth of th* upp'r ’sw are long 

’P 

thus resembling the teeth of the Ro<leot« , K ab^-jt aod Bearer 
etc.). The so'called Badger of South .\frica is a weiNknooB spucaea 
nf Hyrax. 

Sub-order.—Proboscidka. 


curved with sharp cutting edges, and they yrow f'om » p^rsis'ent db 


Family—(E lephants,). 

The only living animals be'orgingto this sab-order are the ladiau 
and Af rican elephants. The name of the or ler is d-ri ed (rooi the fact 
that the n.ose is prolonged into a long, cylinir cal trunk or pro6o^is« 
which is very muscular and terminates in a finger-shaped lobe. t«l a* 
which are placed the apertures rf the nostrils. The proboscis is lko 
sole organ of prehension of the aiiimal and is employed to taka op 
water, and also to introduce into the mauth the vegetable substaeces 
upon which the elephant feeda. The elephant in fact la ueable le 
apply the mouih directly to the ground, either for feeding or driobMig. 
owing to the peculiar form of the incisor teeth. The upper is c » s ess 
are two in number and often constitute long tusks ssbicli grow 
throughout the whole life of the animal aad in old iedividoab RMf 
reach 6—7 feet long. There are no lower iacisor teeth, aed cnahH 
teeth are absent in both lower and upper jnsrs. Each }nur, hosseror, 
usually has a pair of exceedingly large naoiar teeth which are trooo* 
versely ridged and are used in rhewiug the food. Only 00c or two 
premolars and molars are in use at a time, nod ne tb^ ere wosB ool 
and shed they are replaced by the next teeth hehted thew. The 
form of the animal is very maseive, nod the shio is Ihich eod ooessod 
with scattered hair. 

The feet have five toes each, hot all the Ices do not carry hoots, 


and the animal walks upon a thick pad of heray ahio, srkich 
the sole of each fool. The ladian elephan t iahabita 
Indian ArchipelagOi and haa geaerallp ivo heals to I 
only four to the hiod-fect. The Ceyhm olephaut b 
The males alone po t se at w cB das o ieped tos hs ^ 
are of coomioa ooairrcaoa» ospoctaBy hi Cdyloo 
India aa ** Itakaa.* The Africaa slephsat ‘ 
one. Both scxca of tho 
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phants, amongst which^lfe blsM^nown 

undoubtedly cKUl^d i„ Europe nrithln the hi J„ '0^^”"’““’ 

or etrippinj „ff ,heir barh or that ofthi btnetf. "" 

Order 7 .—Rodentia. 

1 his order comprises a number of small an.* t 

by the absence of canine teeth and th^ characterised 

curved incisor teeth in both jaws wh’ h two long 

interval from the molars. There are sddo^*^^ separated by a wide 

■n the l„»er jaw. The n.ol,r t^rt are T' 

than four on each side of each iawl Th J , ' <‘'“tely more 

with five toes each. The most char t *• ** usually furnished 

is to be found in the structure of the ‘"’L"' ‘■“'•'"ts 

for continuous gnawing. They grow'^from’ .’’’"‘th are adapted 
oonsequemly continue growing as W as Va"'-’","', 

arc large, long, and curved, and are covered h, (ZT • r*‘, 
hard enamel, .so that the softer parts of i-h f bu ® 

^ result of this is that a, the tooth is „ld“7„ 

and thus the crown of the tooth aCTuLe! by a ch^ ??■'' 

away behind, and the enamel forls a persisted c?. 

"oTon%:^;r nirs^""' 

«chi theLh^.rTomfiri^^'rhLmirf 

tions by ^nawin? Anr^v i. i i nurseries and planta* 

Many buf n^** “d most 1 

most important famili« a^f. distributed over the world. The 

(i) Leporida! comprising the hares and rabbits several mn • 

on veJrtaTr in India. They feed 

crops, gardens, etc. Weries, to 

39® shows the skull of an inriian • i 
^-epus nipriealli* *h ki i ^ “ species known as 

P grteoUts, the black-naped hare of Southern 
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India. ruficandatus is the common hare ol 

Northern India. 

^2) Hystricidae comprising the Porcupines, which are charac> 

terised by having the body covered with longer or 
shorter spines or quills mixed with bristly hairs. They 
mostly live in burrows and are like rabbits in their 
habits. A few American species have prehensile tails 
and live in trees. The common Indian one, Hystrix 
leucuf.a, of which fig. 400 shows the skull, does damage 
to young plants and to old trees by gnawing off the 
bark. Many of the Khair trees in the Siwalik forests 
have been badly attacked in this way. Fig. 399 depicts 
Atherura viacrura, the Asiatic brush-tailed porcupine, 
an inhabitant of Assam and Burriia, etc 

(3) Castoridae or Beavers, which have webbed feet and a scaly 

tail and a fur which is of considerable value. They 
inhabit I^rth America and Europe, living in water and 
damming up streams. 

(4) The bamboo rats (Family Spalacidae), of which hg. 401 

shows Rhizomys sumatrensisA^v^ in burrows under the 
roots of trees and feed upon roots, bamboos, grass, etc. 

(5) Muridae comprising the Rats, Mice, Lemmings, Voles, etc. 

The mice and rats are well known and often give trouble 
to the forester by gnawing off the xoots of seedlings in 
nurseries and eating stored seeds, in this way doing con¬ 
siderable damage. They are also’ common household 
pests to man. Gerbillus indicus (fig. 4 *^ 3 ) i^ a rat 
which lives in holes and galleries in waste lands and 
often attacks grain and other seeds in a most serious 
manner committing very heavy depredations. Mus 
rattus is the common Indian rat, whilst Mus musculus 
is the ordinary house mouse, and M. buduga, the 
common mouse of the fields, Microius blythi (fig. 402) 
is a vole of the Himalayas. 

(6) Sciuridae comprising the Squirrels, Flying Squirrels, and 

Marmots. The flying squirrels do not really fly but take 
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long leaps from tree to tree by means of laterally extended 
folds of skin. The -squirrels live in trees and cause 
damage by feeding on the seeds and fruits of trees, 
which they often store up in considerable quantities. The 
common large brown flying squirrel (Pteromys oral) 
depicted in fig. 405 is an inhabitant of tree forests 
living in holes in the daytime. Sciurus macclellanai 
is the common striped squirrel of the Himalayas. 

The marmots live in holes in the ground. 

Fig. 404 shows the red Marmot, Arctomys candatus, of the 
North-Western Himalayas. 

The Guinea-pigs {^Cavtftdie) are not Rodentia. 

Order 8 .— Carnivora (Beasts of Prey). 

Ti W comprise, the Beast, ot Prey, iocluding the Lions, 
g s, Wolves, Dogs, Cats, Civets, Mungooses, Stoats, Weasels 
Hyaenas, Seals, Walruses, Rears, etc. These animals are distin¬ 
guished by possessing two sets of teeth, which are simply ena¬ 
melled, and are always of three kinds; incisors, canines, and molars 

flnerllf another in size and shape. The incisor teeth are’ 

generally six m each jaw ; the canines are always two in each iaw 

and are longer than the other teeth. The premolars and molars are 

mostly cutting teeth, furnished with sharp uneven edges, but one or 

more of the hinder teeth have tuberculate crowns. Fig. 40 > shows the 

upper sectorial teeth of Pelt's, Cams, and Utsus, The dentition 

differs considerably in different members of the order, the follow ine 

being the dental formula of the cats (/^V/iV/ar) which are the most tvnic^ 
examples of the carnivora 
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In the Feltdae and other typical carnivora the last premolar in the 
upper jaw and the first molar in the lower jaw are specially developed 
and are known as the « carnassial'' teeth, having a sharp cutting edge • 

‘“Other cases the corresponding teeth are blunt and tuter^ 
_ I * * general rule, the shorter the jaw, and the fewer the 

are artV^1 T A carnivotous is the animal. The jaws 

are articulated so that the movements are vertical and not horitonUI • 
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and the sharp^dged bark-teeth are thns enabled to act like the blades 
of a pair of scissors. A skull of the clouded leopard {JFslt's nsbuloso) 
exhibits this dentition (fig. 407). In addition to having this strictly 
fl®®h-eating dentition^ the carnivora also have the feet provided 
with strong curved claws ; and tlie collar-bones are either c^uite rudi¬ 
mentary, or are altogether absent. The order is divided into two 
aub^orders, named Pinnipedia and Pissipedia. 

(i) Pinnipedia, 

The whole external form of the animals is modified for an aofiatic 
life, the hind feet being converted into swimming paddles. The teeth 

of the molar series, both-premolars and molars, are similar to each 
other in size and form. 

This sub-order includes the seals and Iruses, both of whom are 
inhabitants of cold climates and are not found in India. The 
walruses can be distinguished from the seals by their enOrmonsly- 
developed upper canines which form two pojated tusks. 

(2) Pissipedia or Carnivora Vera. 

These animals are fitted for a terrestrial or partially terrestrial 
life, the feet not being formed into web swimming paddles. The 
animals walk either on the soles (bear), palms (otter), or toes (cat) of 
the foot* The pupil is circular in most of the large carnivora. The 
teeth of the molar series in each jaw are dissimilar in size and form, 
there being always one tooth on each side, above and below, that is 
especially modified, and is called the " carnassialor flesh-tooth. 

The enb-order ia divided into three groups, named iElaroidea, 
Cynoidea, and Arctoidea, from the Greek names of the-cat, dog, and 
bear, respectively; each of these animals being typical of a 
particular section of the carnivora. 

iCLUROIDEA. 

F AM IL Y. — Felidm* 

m m _ 

The' ^F/fV/ar comprise the Lions, Tigers, Leopards, Panthers 
Lynxes, Cats, etc. These animals are the most highly canuvorons 
and therefore the most typical of the carnivora* Jn all ol them 
the aninml walks npon the tips of the toes, and the soles of the 
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shorter than the fore'legs, the claws being non-retractile. The cocb«i>«i 
S triped tlyxna (fig. 410 ) of India can be recognised by the proaiiaence 
Ilf tlir bony crest in front of the head and ifs relatively short hind*legs 


CVNOIDEA. 

Fami LV — Canidtt. 

The Canid* are the only family to be l onswJered in this group The 
family comprises the dog, wolf, fox, jackal, etc. The anintab harr 
pointed muzzles, smooth tongues, and non-retractile claws. The fcirr- 
fe« t have five tors each, the hind-feet four only, aixf this is the raae 
with all the Indian wild species. There are four prcmolan aad two 
molars above. Wild dogs and wohrs are destructive to lodiaa faaw 
animals, and foxes commit depredations on poultry, etc. Fig 4" 
shows the skull ol Vulfes brngmlemsis, the Indian fox. jachnls ace 
omnivorous and do a good deal of damage at times by feedioc 
.sugar-cane T hey also eat coffee-berries and thus ai<l largely in the 
distribution of the plant, as the seeds pass through the digraltse 
organs without injury 

Arctoidka. 

Animals which apply the whole or the greater part irf tho — »■ f 
the ground. In most instances, the portion of the aota omjployww m 

hairless* 

Family.— Mmttetidm. 

The SiusUlidM include the Marteno, Polecnia, Sloal^ Weaorh, 
Badger, Otters, etc., and have short le|^ and eiongilod 
bodies and a ateahhy, gliding asode of pregrcaaion Tin Ottern 

in water and have webbed feet. The akin* of >***7 * ****** y 

this family are valuable owii^ to the fmn with which t hey ate x aLXia J. 

htusteta /tmvigulm (fig. 4**) *• Indian Marten esaamnn ia 
Himalayas and hiOy parts ol Baraaa. 
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species, ^,fulgens, the red cat-bear or Himalayan racoon, an inhabi- 

tent of the South-Eastern Himalayas. It inhabits forests, living in 

o es in trees. It is to be found feeding both on the ground and in 
trees. Fig. 4^3 shows this animal. 

Fa MIL Y. — Ur si die. 

. .T**' Vrstiie include the bears. The portion o( the foot applied 
^ walking by the bears is nearly or altogether desti- 

Whb, T.?'j." White Bear of the Arctic Regions. This 

typical examples of the The bears are much less purely 

omnrr““ 'he majority of the order, and in accordance with theb 

SetrT xt ' ‘“‘a '*“■ earnivorou, 

a- 7*^ mcisors and canines have their usual carnivorous form 

tuU^^a^■ "I* broad 

not re^i^T"-^’e t J "e large, curved, and strong, but are 

short and the nos^ u smooth, the ears small and erect, the tail 

they eat flesh when they can get it; but a great part of their 

Thir.oimtir «rs,«us, the Sloth-bear or Indian Bir! 

TbeT7.o “ “"If T""* “ ar", carnivorous. 

hey occasionally do damage by barking trees In the Taun^tr 
Division m the MnrfK \kr^ 4. u* « ® »• in tne jaunsar 

1 I , ^ i^cstcrn {Himalayas tlic l>cdr has a KaKtf 

in^ this^vay. ^**^‘^**"^ deodar ; quite a number of trees are killed off 

Order 9. —insectivora. 

'I'his order comprises a number of small animals v'erv eim'i 
mwy respects to the Rodents, but they have not the Ucu^af ™ f' “ 
of ttat order, and they are provided with clavicles AU the thr 
of teeth are present, but the dentition varies ™d the^ f " 

-.all potaSd^i ' 7 "T*. with 

chief food of C™d« for croahing insects, which form the 

skull of rufgtaJirne.Ma'‘th m"!™ ? 

oinwo; there are osuX «,! Tree-shrew. Ail the toes have 

nsoauy live toes to each foot, and nioMwalk open the 
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soles of the feet. They are very small animals and exist over the 
whole world, except in Australia and South America, where their 
place is taken by Marsupials, such as the Opossums. 

The order is divided into several families, of which the following 
occur in India 


Fa MIL Y.—rt 

The Tapaiidae or Tree-shrews closely resemble squirrels in. 
general appearance, and, like squirrels, live fn trees and are diurnal 
in their habits. They have well-developed limbs, sharp claws, and 
a bushy tail. Species occur in India and Burma and in other parts 
of the Oriental region. 

Families.— Erinaceae (Hedgehogs) and Talpidae (Moles). 

The Erinacex include the Hedgehogs, which have the power 
of rolling themselves into a ball on the approach of danger. The- 
hedgehogs have the back and sides covered with spines. Very little 
is known about the Indian species. It probably resembles its- 
European confrere and lives upon insects, worms, snails, slugs, mice, 

rats, etc. 

The Talpidx or Moles are distinguished by having the body 
covered with hair, the feet short, and formed for digging, and the- 
toes furnished with strong curved claws. There is no external ear,, 
and the eyes are either extremely small or are completely concealed 
beneath the. skin. They are all nocturnal burrowing animals and 

damage roots in their tunnelling operations. 

Two or three species inhabit the Himalayas, Assam, and Burma.. 
Ta'pa mtarura (Rg, 416) is the mole of Nepal, Sikkim, and bills 
south of Assam. It is common round Darjeeling. 

t 

Family. —Soricidx (Shrews). 

The Soricidx or Shrews are very like true mice in external appear¬ 
ance, but they are really widely different. The body is covered with 
hair, the feet are not adapted for digging, and the external ears are 
thin, the eyes being well: developed. The Soricidx probably contain 
the smallest of existing mammals, a shrew which does not exceed^ 
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inclading the tail, 2i inches in lenptb A mm t j* 

is mun„a (fig. 4,7), ,1./ m„,rsEre^ "T'”' 

found all over India. nriusK shrew or muak rat 

Family.— Galeopitheddx. 

The Galeopithecidae or Flvintr I .. 

Lts’lZ Z * " c,?he"L“r 

arms, irom the arms to the hinH-I^stro r . Z'*oeck to the 

The animal with this takes extensive leaps from tree , ., ‘- 

than one species IS known toinhabit the Indian Ar a* 1 

<«.e on insects and smail mammals. Gofrtfl'S!®”’ 
flying lemur (fig. 4,8), i, found in Tenasserta. ^ "■* 


Order io.-—Chiroptera (Bats), 


#p.. -- ^oats;* 

comprircn'lV’the"ham. ' ThTfore 

bind-limh. ai have ..veraJVraltnVe?, l'"*” 

These long fingers are united by a leathe^ normously elongated, 
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upon the chest. Teeth of three kinds are*"a!w”^ glands are placed 
canines are always well developed. always present, and the 

only mammals which^oUesLThrpo”*^^"*^"/* tl‘ey are the 

.«na)l, but the ears are^eTlart -- 

ljunng the day they retire to caves or crev*”**^ acute, 

of booses, hollow trees, etc wher-u *" or the roof* 
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of sleeping animals, are also included here. The fruit-eating bats 
include the well-known so-called Indian flying-fox {Pteropus medius), 
of which fig. 419 shows the skull, which feeds upon fruit and does a 
Ijj-ge amount of damage by feeding in mango and other orchards. 
They are probably of so me use in distributing seeds. 

Fig. 4*0 shows the grizzled bat, Vesperugo mordax. 


Order ii.—Primates. 

This order includes, Lemurs, Monkeys, and Man, which have the 
same anatomical characters. The Primates may be defined as 
possessing perfect clavicles which articulate with the top of the ster¬ 
num. The radius and ulna and tibia and fibula are complete. The 
typical dental formula is— 




or 



3—3 

3—3 


32 or 36 


In no instance are there more than 36 teeth altogether, and the 
molars always have broad and tuberculate crowns. The mammaipr 
glands are typically two in number, and are almost always pectoral in 
position. The eyes are enclosed in distinct sockets. 

The monkeys are often a source of annoyance to the forester and 
occasionally do a considerable amount of damage in nurseries by 
uprooting seedlings, etc., and turning up the soft earth of the seed 

beds to hunt for seeds* 


Fa m I \:^.^Lemurid3e. 

The Lemurs differ so much from monkeys that, they are often 
arrahged in a distinct order. They have longer heads with a narnw 
muzzle, differently-shaped teeth, and a-peculiar claw-like nail on the 
second digit of the foot. Two species occur in India, one in Burma, 
and another, Loris gracilis, in Southern India aiid Ceylon. 

Family.— 

Comprises the Apes, Monkeys, and Baboons. Monkeys with taUs 
Includes two sub-families. 
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Sub-Family.— Semnopithecin^e^ 

Slender monkeys with long tails and no cheek pouches. Their tood 

consisU chiefly of leaves and young shoots. Semnopilhecus entellus, 

the Lungoor or Hanuman Monkey, of which fig. 421 shows the skull 

is the common sacred monkey of Northern India. It feeds upon 

fruit, grain, seedpods, leaves, and young shoots. It has a loud voice 
which is often heard. 

Sub-F .■^Cereopit hecinsf. 

^ variable in length, and cheek pouches are present, 
Afmtacms rktsus is the common Bengal monkey, which is never 
molested and is as impudent as the lungoor. 

Fa MiLY.—S'iVwfVd'.v. 

The Simiidar in which no Uil is developed. This family contains 
the howling hoolock (Gibbon) monkeys of the jungles of Bengal 
/U»am, and Burma. It also includes the GoriUa, Chimpanzee, and 
Orang Outang. The Gibbons, Hy{abates, inhabit Asia. Fig 422 
•hows Hyicbates tar, the white-headed Gibbon. 

Family ^Hominidx (Man). 

^ In man the hind-limbs are developed so as to support the body 
without the assistance from the fore-limbs, and arc extremely muscular. 
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